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Mental health in student-athletes has been a subject of discussion in the recent past. 
Historically, student-athletes have been thought to be immune to mental health disorders. 
Researchers have examined the prevalence of common mental health illnesses such as 
depression and anxiety and through the previous efforts, and it has been determined 
student-athletes are at nearly the same risk as regular college students. Even with increased 
attention to mental health disorders, prevention programs designed to educate student-
athletes, coaches, and athletic trainers, the prevalence rates of depression and anxiety in 
student-athletes have not improved. Therefore, the purpose of these papers was to examine 
the prevalence rates for depression, anxiety, and low self-esteem across student-athletes by 
sex, academic status, and sport type. Second, was to examine the effects of a four-week 
biofeedback intervention on psychological and performance variables. When examining 
the prevalence of depression and anxiety in student-athletes, the study found an overall 
prevalence rate of 22.3% for depression and 12.5% for anxiety.  Results from the four-
week biofeedback intervention indicates no improvement for coherence, psychological or 
performance variables; however, the student-athlete participants reported positive benefits 
and effects from the intervention. While our pilot study was not statistically significant for 
improvement with psychological or performance variables, the student-athletes reported 
positive benefits from the intervention, indicating a biofeedback intervention could be 
beneficial for participants. The prevalence results illustrate the signs and symptoms of 
depression and anxiety are still evident for student- 
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athletes and future research efforts should continue to create mental health screenings and 
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Throughout the United States, 1 in 5 adults experiences a mental disorder, with over 
40 million adults experiencing a mental disorder each year. The most common mental 
disorders experienced are anxiety and depressive disorders.
1
 These numbers include but 
are not limited to college students and reactions to their stresses and responsibilities. 
College students above the age of 18 may be at a higher risk for developing mental health 
disorders due to high stress, negative life events, or significant life changes. Student-
athletes also experience many of the same opportunities as general college students. They 
are responsible for maintaining academic and sport requirements while holding high 
standards held by their coaches, teammates, and family members. Often, student-athletes 
are assumed to be a generally healthy population and potentially immune to mental health 
disorders. However, recent research has indicated that student-athletes experience a 
prevalence of 15.6-33.2%
2-7
 for experiencing depression and another third experiencing 
preseason anxiety.
3,8-10
 An examination of prevalence in student-athletes across numerous 
sport types is warranted to update the current research and identify potential risk factors 
specific to student-athletes.  
With a rise in the prevalence of suicide and mental health disorders in student-
athletes, the National Collegiate Athletic Association (NCAA) has taken steps to recognize 
the importance of mental health and wellness for student-athletes. In 2016, the NCAA’s 
Sport Science Institute published its Mental Health Best Practices document for
 
 2 
institutions to use as a resource for mental health and well-being.
11
 In addition, research is 
calling for prevention and intervention programs to help mitigate signs and symptoms of 
mental health disorders. Currently, the focus is on prevention programs through education 
and educational materials (e.g., websites, interactive web-based mental health literacy 
programs); however, these do not include interventions geared to reduce depressive or 
anxious symptoms experienced by student-athletes.
12
 
Biofeedback is a well-known modality in which individuals can visualize 
physiological measurements (e.g., muscle function, skin temperature, cardiovascular 
activity).
13
 Through biofeedback, individuals gain control of their physiological functions 
and increase awareness of their thoughts and emotions. The HeartMath Institute has 
extended research on the effect of heart activity on brain function by developing heart rate 
variability (HRV) biofeedback modalities such as EmWave and Inner Balance.
14
 Inner 
Balance technologies allow individuals to visualize their HRV in real time to train  
individuals to recognize heart rate rhythms and implement trainings into daily life. The 
EmWave technology has been previously used and researched in numerous populations, 
including but not limited to college nursing students and general college students for stress 
and anxiety.
15-17
 Within these studies, it was found that the use of biofeedback devices and 
the techniques learned decreased anxiety and maintained stress levels throughout the 
intervention. EmWave technology has also been used within the student-athlete population 
and primarily geared toward sports performance.
18-20
 To date, research has not focused on 
the mental health of student-athletes as a primary focus for intervention benefits. Previous 
studies have eluded to a reduction in anxiety symptoms and it has been suggested the 
intervention may help with increasing sleep quality and decreasing the symptoms of 
 
 3 
depression and stress. Given the prevalence of depression among collegiate student-
athletes ranging between 15 and 30%,
2-7
  this study aimed to first examine the rates relative 
to these norms and by background variables of sex, academic status and sport type. Second, 
based on these findings to determine if a 4-week heart rate biofeedback training 
intervention on performance and psychological outcomes in current student-athletes would 
be beneficial for varying sport types (i.e., endurance, ball, power).  
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Abstract 
Objective: To examine the prevalence of depression, anxiety, and self-esteem in collegiate 
student-athletes and differences between sex, academic status, (e.g., freshman, sophomore, 
etc.) and sport type (e.g., power, technical, etc.). Identify predictors for the risk of 
depression, anxiety, and low self-esteem. Participants: Collegiate student-athletes 
(n=615) completed a comprehensive mental health survey. Methods: Depression, anxiety, 
and self-esteem were assessed. Chi-square analyses examined differences across sex, 
academic status, and sport type. Multinomial logistic regression examined predictors for 
depression and anxiety risk. Results: Student-athletes (22.3%) were at risk for depression, 
anxiety (12.5%), and low self-esteem (8%).  No significant differences were found for sex, 
academic status, and sport type for depression or self-esteem; however, there were 
significant differences for state and trait anxiety by sex. A significant association for 
depression and anxiety risk was found with females at risk. Conclusions: Signs and 
symptoms of depression and anxiety exist within the student-athlete population, despite a 
previous assumption of immunity. 
Word Count: 151 
Keywords: Student-athlete, mental health, prevalence, associations 
Introduction 
  There are approximately half a million collegiate student-athletes in the National 
Collegiate Athletic Association (NCAA), attending over 1,000 colleges and universities in 
over 100 athletic conferences. According to the National Institute of Mental Health, 
approximately 7.1% of adults aged 18 or older experienced a depressive episode, and 
19.1% had an anxiety disorder in the past year.
1,2
 More specifically, within college-age 
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students ranging from 18-25, the prevalence was the highest for depression at 13.1% and 
22.3% for anxiety disorders.
1,2
 College is considered an at-risk period for the development 
of mental health illnesses. According to the American College Health Association, over 
30% of students reported significant signs of depression.
2-4
 College student-athletes are a 
subset of the young adult population and may be at risk for stressors linked to mental health 
issues (e.g., disordered eating, substance or alcohol abuse). With many student-athletes 
participating in sport, it is reasonable to believe numerous student-athletes are participate 
in their sport while managing signs and symptoms of depression and anxiety. With an 
increase in mental health visibility, an updated examination on the prevalence of 
depression, anxiety, and low self-esteem for this population is warranted.  
 Depression is characterized by mood changes, loss of interest or pleasure in daily 
activities and associated symptoms of sleep and eating problems, low energy, lack of 
concentration and self-worth.
2
  With participation in sport, student-athletes are thought to 
be immune to mental health disorders like depression; however, research demonstrates the 
general college student population and student-athletes are comparable.
5,6
 Research 
directly investigating prevalence and severity of depression symptoms in collegiate 
student-athletes varies by instruments used and by sports and sex examined. The 
prevalence of depressive symptoms in collegiate student-athletes ranges from 15.6% to 
33.2%, with freshman and females typically reporting more symptoms.
5,7,8
 When 
examining depression risk prevalence in specific sports including but not limited to 
football, baseball, wrestling, track and field, and lacrosse, the range was from 12.1% to 
35.4% with higher rates consistent with females.
9-11
  In current literature, sports have been 
categorized as individual and team sports when examining risk of depression in collegiate 
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student-athletes, indicating individual sports may be at an increased risk over team 
sports.
11,12
 With a younger population, a lower prevalence rate of 8% was found for 
depression and anxiety, and specifically 13% for individual sports and 7% for team sports, 
further supporting sport type as a predictor for the risk of depression and anxiety in student-
athletes.
12
  The previous research on prevalence rates for team versus individual sports is 
based on a younger population and there are differences for measuring the presence of 
depression risk.   
 Anxiety is commonly known as a reaction to a perceived as stressful or dangerous 
situation that can have debilitating effects on daily activities and performance.
1
 State 
anxiety refers to a temporary response to a stressful advent and trait anxiety is defined as a 
personality feature or predisposition.
13
 Athletes often experience state anxiety during 
situations that create pressure, for example a free throw that determines the outcome of a 
basketball game. However, trait anxiety refers to a characteristic of a person, where an 
individual is anxious about general unknown outcomes. Researchers have identified high 
levels of trait anxiety may lead to an increase in state anxiety in performance.
14
 However, 
there is limited research focusing on the examination of state and trait anxiety prevalence 
in student-athletes. According to the current literature by Li and colleagues,
15
 one-third of 
student-athletes reported anxious symptoms prior to the season beginning with a 
significantly higher risk for sport injury. Furthermore, previous studies examining student-
athletes, primarily occurred during preseason training and did not find significance for 
gender, sport, or academic status differences and the state and trait anxiety scores.
9,15
 
However, both studies by Yang et al.
9
 and Li et al.,
15
 indicated the link between depression 
and anxiety is associated with higher levels of pain and injury incidence. Therefore, 
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examining anxiety prevalence rates in student-athletes by sex, academic status, and sport 
type during in-season competition and determining additional risk factors for depression 
and anxiety is warranted to help clinicians prevent additional injury. Without further 
research on depression and anxiety prevalence, it is difficult to develop preventative mental 
health programs and interventions relevant to the current conditions.  
Participation in sport facilitates positive mental health behaviors, including self-
confidence, positive self-esteem, and social support.
16
 Those who have positive mental 
health behaviors may be utilizing their social support systems to cope and manage stress 
in positive ways to lower risk for depression and anxiety. However, student-athletes may 
be more susceptible to mental health issues due to the demands of sport participation (e.g., 
sports injury, coach expectations, demands).
10
 Student-athletes are thought to be protected 
from mental health issues because of increased self-esteem and a sense of connectedness 
and social support from their teammates.
16
 There is an established relationship between 
self-esteem and depression, indicating self-esteem is a predictor for depression; however, 
updated research for student-athletes is needed.  
Clinicians providing medical services within the collegiate sports setting should be 
mindful of comorbidities of mental illnesses present and which student-athletes are at the 
highest risk. Appropriate identification of high-risk individuals or sports may allow the 
clinician to intervene early before signs and symptoms begin to manifest. While all student-
athletes have unique personal stressors and individual experiences, understanding the 
associations between depression, anxiety, self-esteem, sport type, and sex may help 
clinicians determine appropriate screening processes. Therefore, the purpose of this study 
was to examine the overall prevalence of depression, anxiety, and self-esteem in NCAA 
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Division I and II collegiate student-athletes; with a secondary purpose to examine 
differences between depression and anxiety risk, low self-esteem with demographic 
variables such as sex, academic status (e.g., freshman, sophomore, etc.), and sport type 
(e.g., power, ball sports, technical, endurance, etc.); and lastly to identify predictors of 
depression and anxiety risk and low self-esteem.  
Methods 
Participants 
 Participants were NCAA Division I and II student-athletes (n = 615; age 20 ± 1 
years; males: n = 233, height = 184.1 ± 0.5 cm, weight = 91.5 ± 0.15 kg; females: n = 382, 
height = 168.4 ± 0.39 cm, weight = 63.25 kg) from across 40 institutions. To be included 
in the cross-sectional study, the student-athletes had to be between the ages of 18-26 and 
on an active roster during the time of the survey.  The Institutional Review Board approved 
the study, and all participants consented prior to completing the survey.  
Instruments 
Demographic Information 
 The demographic information collected included: age, sex, self-reported height, 
weight, Body Mass Index (BMI), academic status, and sport. Academic status was defined 
as a freshman, sophomore, junior, or senior. Participants that were considered 5
th
-year 
seniors or graduate students were coded as a senior. Sport type was classified using prior 
classification by Sundgot-Borgen, by sorting sports into groups of endurance (i.e., cross 
country, track, swimming), aesthetic (i.e., cheerleading, diving, dance, equestrian), power 
(i.e., football), ball (i.e., baseball, softball, basketball, soccer, volleyball, beach volleyball), 




  12 
Center for Epidemiologic Studies Depression Scale  
The Center for Epidemiologic Studies Depression Scale (CESD) is a self-report 
measure of depressive symptoms. There are 8 different subscales, including: sadness, loss 
of interest, appetite, sleep, thinking/concentration, guilt, worthlessness, tired, fatigue, 
movement, suicidal ideation from the past week. Student-athletes selected how often they 
have felt or behaved on a scale of 1 = rarely or none of the time to 4 = most or all the time 
during the past week. Any scores higher than 16 indicates an individual is at risk for 
depression.
18,19
 The internal consistency for the CESD is r = 0.85 to 0.90, with a test-retest 
reliability of r = 0.45- 0.7, and r = .91 for this study.
19,20
  
State Trait Anxiety Inventory 
 The State Trait Anxiety Inventory (STAI) is a self-report tool that indicates anxiety 
and distinguishes between state (a temporary condition in specific situations) and trait 
(general tendency to perceive situations as threatening) anxiety. The first 20 questions 
consist of statements examining how individuals feel “right now at this moment,” and 
individuals respond on a scale of 1 = Not at all to 4 = Very much so. The second 20 
questions examine how individuals “generally feel” on a scale of 1 = almost never to 4 = 
almost always.
13,21
  For the STAI, the internal consistency coefficients range from r = 0.86 
to 0.95 and the test-retest reliability range from r = 0.65 to .75.
13
 The reliability for the 
STAI in this study r = 0.95.  
Rosenberg Self-Esteem Scale  
The Rosenberg Self-Esteem Scale (RSES) is one of the most widely used measures 
of self-esteem.
22,23
 The scale consists of 10 items that are rated on a 4-point Likert scale 
assessing how an individual thinks and feels about themselves (e.g., strongly agree = 3, 
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agree = 2, disagree = 1, and strongly disagree = 0). Each participant’s responses are 
summed across the 10 items and further categorized as low self-esteem or at risk (below 
15) or not at risk or high self-esteem (above 15).
22
 The scale has been validated for college 
populations with a test-retest reliability ranging from 0.85 to 0.88
22
 with excellent stability 




Upon receiving approval from the University of South Carolina Institution Review 
Board, participants were recruited using a snowball sampling method. Athletic trainers who 
worked directly with student-athletes at NCAA Division I or II intuitions were contacted 
with an invitation letter and a survey link and asked to forward the invitation to their 
student-athletes. The web-based online survey (SurveyMonkey, San Mateo, CA) included 
an invitation/consent letter, the demographic items followed by the CESD, STAI, and the 
RSES. The survey was available for 30 days with a follow-up reminder sent to the 
participant every 10 days until the window closed.   
Statistical Analysis 
 We used SPSS statistical software (Version 27; SPSS Inc. Armonk, NY) with an 
alpha set at p < .05 for all analyses. We used G*Power 3 (version 3.1.9.2., Heinrich Heine 
University, Dusseldorf, Germany) software to calculate power.
24
 Using an alpha of .05 and 
a small effect size, our power calculation indicated we needed a sample of 271 completed 
surveys to achieve an estimated power of 0.95.
24,25
  We performed basic descriptive 
statistics to examine the demographic information (e.g., height, weight, age, body mass 
index (BMI), sex, academic status, etc.). Chi-Squared analyses were used to determine 
differences between depression, anxiety, and self-esteem risk, sex, academic status, and 
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sport type. The results of the chi-squared tests were used to select predictor variables to 
assess for each outcome using multinomial logistic regression. Education, sport, and 
ethnicity were not analyzed due to results from the chi-squared analyses, and sex was 
examined as a predictor for the outcome variables. 
Results 
A total of 821 student-athletes initiated the survey, 675 had partially completed the 
survey, and 615 student-athletes had fully completed the survey (75% completion rate). 
Student-athletes included in this study were from 40 institution across 22 different teams 
which were categorized into endurance sports (n = 171), aesthetic sports (n = 102), power 
sports, (n = 117), ball sports (n = 194), and technical sports (n = 31). Detailed demographic 
information can be found in Table 2.1.  
Prevalence of Depression Risk 
Overall, 22.3% (n = 137/615) of student-athletes were classified as at risk for 
depression. Chi-squared analysis revealed no significant differences between the CES-D 
and sex [Χ
2
(1, n = 615) = .00, p = .99], with females (22.3%) reporting the same risk as 
males (22.3%). Refer to Table 2.2 for sex distribution. No significant differences were 
identified for depression risk and academic status [Χ
2
(3, n = 615) = 6.36, p = .095, Table 
3], with sophomores (n = 45/154, 29.2%) and juniors (n = 33/149, 22.1%) reporting the 
highest depression risk. Chi-squared analysis revealed no significant differences between 
the CES-D and sport type [Χ
2
(4, n = 615) = 3.427, p = .489], with ball (n = 48/194, 24.7%) 
and power (n = 28/117, 23.9%) sports reporting the highest risk. The distribution for CES-
D risk and sport type can be found in Table 2.3.  
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Prevalence of Anxiety Risk 
 Overall, 8.5% (n = 52/615) of student-athletes were classified as over the norm 
means for college aged students for state anxiety, and 12.5% (n = 77/615) for trait anxiety.  
For state anxiety and trait anxiety, 66.7% (n = 410/615) and 57.4% (n = 353/615) 
respectively fell within the college student norms. The overall raw mean scores and 
standard deviations by sex are found in Table 2.4. Chi-squared analysis revealed a 
significant difference for state anxiety and sex [Χ
2
(2, n = 615) = 10.46, p = .005] and for 
trait anxiety and sex [Χ
2
(2, n = 615) = 10.32, p = .006]. Refer to Table 2.2 for the 
distribution of state and trait anxiety by sex. There were no differences found for state and 
trait anxiety for academic status [Χ
2
(6, n = 615) = 5.23, p = .515], [Χ2(6, n = 615) = 4.42, 
p = .620] or for sport type [Χ2(8, n = 615) = 12.25, p = .141], [Χ2(8, n = 615) = 4.27, p = 
.832].  
Prevalence of Low-Self Esteem  
Overall, 8.0% (n = 49/615) of student-athletes were classified as being at risk for 
low self-esteem. Chi-squared analysis revealed no significant differences between the 
RSES and sex [Χ
2
(1, n = 615) = 1.112, p = .292], with females (7.1%) reporting a lower 
risk than males (9.4%). Refer to Table 2.2 for the sex distribution for RSES. No significant 
differences were identified for low self-esteem and academic status [Χ
2
(3, n = 615) = .394, 
p = .942, Table 3], with sophomores (n = 14/154, 9.1%) and juniors (n = 10/125, 8.0%) 
reporting scores indicating low self-esteem. Chi-squared analysis revealed no significant 
differences between the RSES and sport type [Χ
2
(4, n = 615) = 4.094, p = .393], with power 
(n = 12/117, 10.3%) and endurance (n =17/171, 9.9%) sports reporting low self-esteem. 
The distribution for the RSES and sport type can be found in Table 2.3.  
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Multinomial logistic regression  
 Results of the multinomial analysis indicated that sex is associated with depression 
risk, and state and trait anxiety risk. For depression risk, females are more likely to be at 
risk for depression when compared to males with an odds ratio of 1.795 (CI: 1.184, 2.722). 
Females are more likely to be within the average college student mean for state anxiety as 
compared to males with an odds ratio of 1.771 (CI: 1.214, 2.585) with an increase in odds 
by 77.1%. As for trait anxiety, females are more likely to be within or above the average 
college student mean for trait anxiety as compared to males with an odds ratio of 1.427 
(CI: .994, 2.048) and 2.539 (CI: 1.402, 4.596), respectively.  
Discussion 
 This study examines the prevalence rates for depression risk, anxiety risk and low 
self-esteem risk in a large NCAA Division I and II collegiate student-athlete sample. In 
addition, this study expands on earlier research by examining sport type classifications 
investigates sex, academic status, and sport type as a predictor of depression risk or anxiety 
risk. Furthermore, this study compares findings with previous sport categorizations and 
provides suggestions for future intervention.  
Depression  
 Despite increased recognition of the importance of mental health in student-
athletes, prevalence rates are still high when comparing with previous literature. We found 
an overall prevalence of 22.3% for depression risk, similar to previous research in student-
athletes using the CES-D.
8,9,15
 With the risk for depression at 22.3%, nearly 1 in every 4 
student-athletes report signs and symptoms of depression. Collegiate student-athletes not 
only have an expectation of being successful athletically, but they are also required to 
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succeed personally and academically. Student-athletes are required to maintain a balance 
between academics and their specific sport requirements, placing undue stress on the 
student-athletes increasing their risk for depression. While there were no significant 
differences for sex, this study demonstrated more females reported signs and symptoms of 
depression with the CES-D. Our findings support the suggestion that females may be at a 
higher risk for depression than males, further supporting previous efforts examining 
depression prevalence in student-athletes.
7-10,26
 When considering the distribution of sex in 
the sport classification, power and ball sport groups had the highest percentage for reported 
symptoms. Although sport type was not found to be significant, each sport type has its own 
associated risk factors. Sports have been previously classified by team and individual 
sports, rather than by the sport types proposed by Sundgot-Borgen.
17
 When examining sex 
as a predictor for depression, significant associations were found, indicating females are 
more likely to report depressive symptoms than males, consistent with prior research.
9
  
In addition, no significant differences were found for academic status, indicating 
the risk of depression was consistent across education levels. Contrary to previous research, 
freshmen or underclassmen have been identified to be more at risk when compared to the 
other education levels.
7,9
 Our results have also indicated academic status was not a 
significant predictor for depression risk. While the results are insignificant, it is essential 
to note mental health interventions may be beneficial for all academic levels. Each 
academic class is entitled to individual stressors. For example, freshmen learn to adapt to 
a new home, friends, classes, and living situation while adjusting to the new team, coach, 
and expectations. Whereas, seniors are preparing to finish their athletic careers, graduate, 
and become working professionals in their field of study. Mental health interventions 
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geared to instruct student-athletes on coping mechanisms, time management skills, and 
self-care may help reduce the mental health prevalence among all student-athletes 
regardless of academic status.  
It has been previously suggested individual sports are at a higher risk for depression 
than team sports, and furthermore indicating sport type is a predictor for depression 
risks.
11,12
  When examining sport in our study, we categorized our sports by the 
recommendations of Sundgot-Borgen.
17
 With this categorization, we have found no 
differences for sport type and depression risk; however, it is important to note, ball (e.g., 
basketball, soccer) and power sports (e.g., football) were the highest among sport types. 
Ball and power sports would fall into the category of a team sport and while insignificant, 
both sport groups were higher than others that would be categorized as individual sports. 
The ball sport category included both females and males, while power included only 
football athletes. Sport type was also not found to be a significant predictor of depression 
risk. Prior research has indicated that individual sports are significantly more likely to 
report signs and symptoms of depression than team sports,
11
 and our findings of ball and 
power sports at a higher risk than the other sport types contradicts this finding.  
Anxiety 
 In collegiate student-athletes, there is limited research on the prevalence of state 
and trait anxiety.
9,15
 Prior research has examined state and trait anxiety in student-athletes 
during their preseason and found no differences for sex
9,15
 or collegiate class.
9
 Our results 
are consistent with those of Yang and colleagues
9
 and demonstrate that the student-
athletes’ state and trait scores are significantly lower than that of typical college students.
21
  
While student-athletes are reporting scores lower than regular college students; our results 
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demonstrate that student-athletes are still demonstrating signs and symptoms of anxiety. In 
addition, when examining sex as a predictor for anxiety, females are more likely to be at 
or above the average mean for both state and trait anxiety. It has been suggested with an 
increase in trait anxiety, state anxiety scores may increase and affect performance.
14
  
 In addition, no significant differences were found for state or trait anxiety scores 
across academic status, which is supported by Yang and colleagues,
9
 who revealed similar 
findings for anxiety scores. While insignificant, it was suggested female, freshman, or 
juniors had a higher tendency to report symptoms than their counterparts.
9
 With increased 
stress to maintain academic standards, it is interesting the scores for trait anxiety were not 
higher. Student-athletes are required to maintain a specific grade point average each 
semester to maintain their scholarship and ability to participate. A general fear or worry of 
maintaining these requirements does not seem to be higher than that of a typical college 
student. Furthermore, academic status was not a significant predictor for anxiety scores in 
our study. Although insignificant, student-athletes are still reporting anxiety. Support 
programs and more options for tutoring and academic success may be beneficial for all 
student-athletes to be successful both in the classroom and in their athletic performances. 
 Similar to academic status, no significant differences were found for sport type and 
anxiety risks. When considering state anxiety and sport, athletes would typically 
experience symptoms of anxiety directly after or during stressful situations.
27,28
 The 
participants in our study were able to complete the survey at their convenience; therefore, 
it is possible the student-athletes were not completing the survey in a “non-stressful” 
environment and were truly not experiencing state anxiety. In the context of sport 
competition, state anxiety scores are known to increase during or directly after situations 
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that are perceived as stressful. Therefore, future research in student-athletes may benefit 
from an examination of anxiety states throughout a competitive season.  
Low Self-Esteem 
 Low self-esteem is not a mental health disorder, rather a behavior that can be a risk 
factor for depression and anxiety.
16,29
 Individuals experiencing low self-esteem may have 
an inadequate perception of their performance possibly predisposing them to mental health 
problems. Our study indicated only 8% of student-athletes reported low self-esteem. 
Whereas prior research has been consistent, indicating student-athletes have a higher sense 
of self-esteem when compared to non-athletes.
16
 Furthermore, in a study examining college 
nursing students, over 70% reported low self-esteem and high academic stress.
30
 From the 
results of our study, student-athletes have a higher sense of self-esteem when compared to 
non-athletes and college nursing students. In our study, no differences were found for 
academic status nor sport type. While previous studies did not specifically break down 
sport-types and examine self-esteem, student-athletes participating in “lean” sports tend to 
have lower self-esteem that becomes a predictor for other mental health disorders such as 
eating disorders.
31
 However, in our study, power and endurance athletes reported higher 
scores indicating a lower self-esteem when compared to the other sport types. Endurance 
athletes would fall into the category of lean sports; however, power sports would not. These 
results demonstrate that low self-esteem occurs in both females and males, though at a low 
rate. Although self-esteem does not seem to be a high-risk factor for student-athletes, the 
prevalence rates for depression and anxiety have stayed consistent with previous research 
indicating change is not occurring.   
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Limitations 
 The current study’s findings emphasize the importance of investigating prevalence 
of depression and anxiety risks in collegiate student-athletes. The study, however, is not 
without its limitations. First, it is important to note that the data is self-reported by the 
athletes and depends on the participants’ honest answers. The self-report tools are not used 
to determine a diagnosis, instead indicate whether an individual is at risk. Additionally, 
when the data were categorized by sport, it is important to recognize that there were no 
females in the power sport category. Based on the findings, we suggest that future research 
explore more possible risk factors (e.g., scholarship status, previous history of mental 
health, season type) and predictors of depression and anxiety in student-athletes to create 
mental health interventions.  
We also were unable to examine the data by NCAA Division level due to the design 
of the survey; however; an examination by division level may provide additional insight 
into risk differences. Lastly, current mental health interventions are loosely focused on 
improving mental health awareness and decreasing stigma, and future research should 
focus on creating mental health interventions designed to reduce signs and symptoms of 
depression and anxiety. Heart rate biofeedback has been shown to improve performance 
for student-athletes,
32
 and research in collegiate students has determined it could be 
effective for reducing signs and symptoms of depression and anxiety.
33-35
 Prior Heart Rate 
Variability (HRV) research in endurance athletes, with athletic conditioning, has 
demonstrated an increased vagal tone indicating improved performance and regulation of 
emotional and mental health. Therefore, it is possible in the sport groups of ball and power, 
HRV training may improve their regulation of emotional and mental health. 
36,37
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Conclusions 
 The present study sought to establish the prevalence of depression risk, anxiety risk, 
low self-esteem risk, and determine if sex, academic status, or sport type were predictors. 
It suggests depression and anxiety signs and symptoms are present in the student-athlete 
population, with females predominantly more at risk than males. No differences were 
found for academic status or sport type, and neither were determined to be risk factors for 
our study. Self-esteem does not seem to have a significant role in mental health for student-
athletes; however, other risk factors need to be examined for implications on depression 
and anxiety risk.  
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Table 2.1. Demographic information including academic status, sport type and ethnicity 
(n = 615). 
 
 All (n = 615) Females (n = 382) Males (n = 233) 
 M SD M SD M SD 
Age 19.6 1.3 19.5 0.1 19.7 0.1 
Height (cm) 174.3 10.8 168.4 0.4 184.1 0.5 
Weight (kg) 80.0 19.8 63.3 0.5 92.5 1.3 
BMI (kg/cm
2
) 24.0 4.3 22.3 0.2 26.9 0.3 
Academic Status % n % n % n 
 Freshman 30.4 187 17.1 105 13.3 82 
 Sophomore 25.0 154 16.1 99 8.9 55 
 Junior 24.2 149 14.8 91 9.4 58 
 Senior 20.3 125 14.1 87 6.2 38 
Sport Type % n % n % n 
 Endurance 27.8 171 20.5 126 7.3 45 
 Aesthetic 16.6 102 16.1 99 0.5 3 
 Power 19.0 117 0 0 19.0 117 
 Ball 31.5 194 22.0 135 9.6 59 
 Technical 5.0 31 3.6 22 1.5 9 
Ethnicity  % n % n % n 
 African 
American 
20.5 126 5.5 34 15.0 92 
 Asian 
American 
1.1 7 0.7 4 0.5 3 
 Hispanic 
American 
1.8 11 1.0 6 0.8 5 
 Caucasian 72.2 444 51.7 318 20.5 126 
 Indian/Native 
American 
0.7 4 0.5 3 0.2 1 








Table 2.2 Prevalence of collegiate student-athletes (n=615) classified as “At risk” for Depressive  
Symptoms and Low Self-Esteem, and above norms for Anxiety is presented by sex. Values are  
presented in percent (%) and frequency (n)
Sex Depressive Symptoms (%) Frequency (n) X2 p = value 
 Overall  22.3 137 0.00 .99 
    Females 22.3 85   
 Males 22.3 52   
 Low Self-Esteem (%) Frequency (n) X2 p = value 
 Overall  8.0 49 1.11 .29 
    Females 7.1 27   
 Males 9.4 22   
 State Anxiety (%) Frequency (n) X2 p = value 
 Overall  8.5 52 10.46 .005* 
 Females 7.3 28   
 Males 10.3 24   
 Trait Anxiety (%) Frequency (n) X2 p = value 
 Overall  12.5 77 10.32 .006* 
 Females 15.2 58   
 Males 8.2 19   
*P Values £.05 
**State and Trait Anxiety were measured using the State-Trait Anxiety Inventory. The college 
student norms were used for analyses. State Anxiety means and standard deviation for Females 38.76 








Table 2.3 Prevalence of collegiate student-athletes (n = 615) classified as “At risk” for Depressive Symptoms  
and Low Self Esteem is presented by academic status and sport type. Values are presented in percent (%) and 
frequency (n).
Academic Status  Depressive Symptoms (%) Frequency (n) X2 p = value 
 Overall  22.3 137 6.36 .10 
    Freshman 19.3 36   
 Sophomore 29.2 45   
 Junior 22.1 33   
 Senior 18.4 23   
Academic Status  Low Self-Esteem (%) Frequency (n) X2 p = value 
 Overall  8.0 49 0.39 .94 
    Freshman 7.5 14   
 Sophomore 9.1 14   
 Junior 7.4 11   
 Senior 8.0 10   
Sport Type  Depressive Symptoms (%) Frequency (n) X2  p = value 
 Overall  22.3 137 3.43 .49 
 Endurance 22.2 38   
 Aesthetic 15.7 16   
 Power 23.9 28   
 Ball 24.7 48   
 Technical 22.6 7   
Sport Type  Low Self-Esteem (%) Frequency (n) X2 p = value 
 Overall  8.0 49 4.10 .39 
 Endurance 9.9 17   
 Aesthetic 7.8 8   
 Power 10.3 12   
 Ball 5.7 11   




Table 2.4 Raw State and Trait Anxiety Scores. Values are presented in Mean (SD).
Sex  State Anxiety Trait Anxiety 
 Overall 34.25 (10.13) 25.78 (9.42) 
     Females 35.34 (10.13) 36.73 (9.50) 
  Males 32.49 (9.88) 34.15 (9.05) 
**State and Trait Anxiety were measured using the State-Trait Anxiety 
Inventory. The college student norms were used for analyses. State Anxiety 
means and standard deviation for Females 38.76 (11.96) and Males 46.47 
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Purpose: To examine the effects and experiences of a 4-week biofeedback intervention on 
coherence, psychological, and performance variables in collegiate student-athletes. 
Methods: Thirteen student-athletes were randomly assigned to the intervention (one 
weekly biofeedback session for 4-weeks) or control group (no sessions).  Data were 
collected at pre and post-intervention using weekly averaged coherence scores, 
psychological measures for depression, arousal, stress, resiliency, and performance 
outcome measures. Post-intervention participants from the intervention group completed a 
survey on their experiences. Results: No significant differences were found for “at rest”, 
pre or post-practice coherence scores, for the 4 psychological instruments, or for perceived 
recovery. Significant differences were found for performance by time (p = .029) but not 
for group (p = .306). Three major themes emerged from the surveys including, breathing 
techniques, experience, and effects. Subthemes for experience included positive, visual 
appeal, novice, negative and for effects included tranquility, improvements in focus and 
neutrality. Conclusions: Biofeedback did not improve coherence, psychological, or 
performance variables; however, student-athletes reported self-perceived positive benefits 
and effects from the intervention.  
Word Count: 170 words 
Introduction 
Participation in college athletics has been documented to change the behavioral 
response of the individual through additional stress, increased episodes of anger, and 
symptoms of depression and anxiety due to sport performance.1 Although sport has many 
positive effects, the mental health struggles of college student-athletes was recognized by 
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the National Collegiate Athletic Association (NCAA) Sport Science Institute with a 
mission to improve access to quality mental healthcare and normalize mental health care 
seeking behavior. The NCAA encourages prevention and wellness programs at all 
institutions and provides resources to help institutions implement best practice guidelines.2 
While the NCAA initiatives are promising, current prevention and intervention programs 
for student-athletes are psychoeducational and limited in nature. The available programs 
are not designed to reduce symptoms of depression, anxiety or stress, rather they are 
loosely designed to inform mental health awareness and encourage student-athletes to seek 
help.3,4 The gap in the programming provides ample opportunity to implement 
interventions designed to improve mental health symptoms in current, competing student-
athletes.  
In addition to maintaining mental health and wellness, collegiate student-athletes 
need to incorporate appropriate recovery mechanisms for optimal performance.5 Recovery 
is defined as a multifaceted restorative process relative to time, which can be disrupted by 
internal or external factors such as stress or fatigue.6 The internal and external factors 
dually affect student-athletes through a need for both physiological and psychological 
maintenance in their daily life and sport. Adequate recovery can be achieved through the 
use of numerous interventions including sleep hygiene,7 cognitive self-regulation,8 and 
psychological relaxation techniques5 that can be paired with biofeedback modalities such 
as heart rate variability (HRV).  
Heart rate variability consists of changes and fluctuations in the time intervals 
between consecutive heartbeats.9 The interaction of regulatory systems contribute to HRV 
recordings and more specifically, the autonomic, cardiovascular, and respiratory systems 
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produce short-term HRV measurements.10 The importance of HRV is demonstrated when 
the cardiovascular system effectively modulates vagal tone via the vagus nerve. For 
example, when an individual inhales, heart rate increases due to a withdrawal of vagus 
nerve inhibition and during exhalation, vagal inhibition is restored and thus slows the heart 
down. This process is largely responsible for generating HRV and helps maintain the 
dynamic autonomic balance within the body.10 HRV is detected through Electrocardiogram 
(ECG) or through photoplethysmography (PPG) sensors that detect the interbeat interval. 
ECG is more accurate than PPG and is used as the gold standard for measuring HRV. 9-11 
The ECG measures each QRS complex and normal to normal intervals and reflects cardiac 
activity.9-11 The PPG method is most commonly used in wearable devices on the wrist or 
ear. This non-invasive technique uses a light technology and photodetector at the skin’s 
surface to measure variations in the circulation of blood.12 HRV has been used for 
parameters when designing training and recovery programs for athletes. In a comparison 
of sedentary subjects and recreationally active subjects, a distinct HRV profile was noted 
for active individuals including an overall increase in HRV and parasympathetic cardiac 
modulation.13 Furthermore,  in those with higher vagal tone, athletic conditioning is an 
important factor influencing autonomic control of the heart to influence performance  and 
the regulation of emotional and mental health.13,14  
Heart rate variability through biofeedback has primarily been used to improve 
concentration and performance.8,15 Through biofeedback, individuals can learn to 
recognize their heart rate patterns as erratic and ineffective and in turn regulate their 
breathing to control the heart rate pattern. Previous studies have indicated that through 
HRV biofeedback interventions, student-athletes were able to lower anxiety, lower their 
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heart rate, and improve their heart rate coherence.8,16-18 One example of HRV biofeedback 
technology has been established through the HeartMath Institute (Heart Math Institute, 
Boulder CA). HeartMath has created self-regulation breathing techniques and numerous 
methods of obtaining heart rate biofeedback data including their systems EmWave and 
Inner Balance. EmWave has been used to help student-athletes achieve their optimal 
training zone and improve overall performance; however, the EmWave system is a 
computer-based software, that does not allow for hands free, quick, and on the go 
biofeedback results.8,17  The other method, Inner Balance, can be easily accessed through 
a smart phone mobile application and the heart rate monitor connects via Bluetooth 
technology. To date there is limited research on student-athletes and their use of the 
HeartMath self-regulation techniques, technology, and more specifically with the Inner 
Balance method. Utilization of hands-free Bluetooth technology, would allow student-
athletes the opportunity to regulate their breathing and manage their stress and emotions 
when it is convenient for their schedules and without a computer. To our knowledge, Inner 
Balance has not been used in student-athletes to improve mental health status and 
performance outcomes.  
The literature on biofeedback programs designed for mental health outcomes in 
combination with performance outcomes in student-athletes is limited and cross sectional 
in nature. 8,15,17 Therefore, the objective of our pilot study was to examine the effects of a 
4-week heart rate biofeedback intervention on coherence, psychological (i.e., depressive 
symptoms, level of activation, perceived stress, resilience), and performance variables in 
collegiate student-athletes. A secondary aim to describe the experience of individuals who 
used the heart rate biofeedback intervention to determine if there were any lasting effects. 
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We believe the outcomes of the study may be valuable to athletic trainers, coaches, and 
strength and conditioning professionals when providing mental wellness and performance 
enhancement strategies to student-athletes.  
Methods 
Participants  
 Thirteen female student-athletes (age: 20 ± 1 years, height: 166.3 ± 8.7 cm, weight: 
73.3 ± 19.0 kg) were recruited from local colleges and universities to participate in the 
study. All student-athletes were currently participating in their respective sport and free of 
injury at the onset of the study. If a participant was injured during the study period, they 
were able to continue in the study. This study was approved by the University of South 
Carolina Institutional Review Board, and participants consented prior to participation. 
Instruments  
Demographics 
The initial screening questionnaire including items relative to personal information 
(e.g., age, sex, injury status, sport, season of sport, etc.) to determine eligibility for the 
study and collect demographic factors including self-reported anthropometric 
measurements (e.g., height, weight). 
Coherence 
Coherence is the term to measure communication between the heart and brain and 
refers to the interactions between physiological and psychological processes for optimal 
functioning.19 In HRV, distinct heart rate patterns characterize different emotional states. 
In individuals with high coherence, a smooth, sine wave like pattern is seen on the Inner 
Balance display screen and on the contrary, low coherence will have an erratic heart rate 
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pattern. The Inner Balance mobile application uses a patented algorithm to determine heart 
coherence and HRV.19 The coherence score was obtained from the earpiece heart rate 
sensor, graphed and recorded in real time on the Inner Balance application. Higher 
coherence scores reflected psychophysiological control and balance.19 The Inner Balance 
application provided a low, medium, or high coherence score reflecting the individual’s 
ability to balance the autonomic system ranging from 0-16. Scores of 0.5 are considered to 
be beginner level, 1.0 as good, 2.0 very good, and 3.0 and up is excellent. The coherence 
score was recorded daily with an “at rest” measure (no skill practice) and then measures 
pre- and post-team practice sessions. Daily coherence scores were averaged at the end of 
each week.  
Psychological Variables 
 For the purposes of the study, the research team used 4 valid and reliable measures 
to assess psychological components of the participants, regardless of group allocation, 
during the study. The 4 measures were for depression, arousal, stress, and resiliency.  
First, we used the Center for Epidemiologic Studies Depression Scale (CESD) as a 
self-report measure of depressive symptoms. The CESD is a 20 item tool that measured 8 
different components including: depressed mood, feelings of guilt and worthlessness, 
psychomotor retardation, loss of appetite and sleep disturbance.20 Participants selected how 
often during the past week they have felt or behaved respective to certain items using a 4-
point Likert scale (1= rarely or none of the time to 4 = most or all of the time). If a 
participant would be considered at risk for depression if they scored >16 on the CESD. The 




 Next, we assessed arousal using the multi-dimensional Activation-Deactivation 
Adjective Check List (AD-ACL). The AD-ACL consists of 20 adjectives related to energy 
(general activation), tiredness (deactivation-sleep), tension (high activation), and calmness 
(general deactivation) which are the four subscales of the arousal states of energetic and 
tense arousal.21 The AD-ACL instructs the individual to use the rating scale to describe 
their feelings at that moment, and to use their first reaction. The rating scale has four 
options to circle/mark. A selection of (vv) or double check means the individual definitely 
feels that mood or feeling at the moment, whereas a selection of (v) or single check means 
the individual slightly feels that mood or feeling at the moment. A selection of (?) or 
question mark means the word does not apply or the individual cannot decide if they feel 
that mood or feeling now. If the individual selects no, that individual is not feeling that 
mood or feeling now. The AD-ACL is scored by summing the ten scores for the energy 
and tension dimensions. These two dimensions are the best indications of energetic and 
tense arousal, and a full use of all dimensions reduces the relationship strength between 
arousal and other behaviors.  The test-retest reliability for the four subscales ranges from 
0.79 – 0.93, and for the two specific subscales of energy 0.89 and tension 0.93.21,22 
 We measured stress using the College Student Stress Scale (CSSS) a screening 
instrument for students experiencing stress during the transition to college. The purpose of 
the instrument is to identify those who believe the transition is highly stressful.23 The CSSS 
includes 11 items that are answered with a 5-point Likert scale to assess how frequently 
they are distressed, anxious, or question their ability. The CSSS has good internal 
consistency and stability with an alpha for the total score of 0.87.23  
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 Finally, we measured resiliency using the reliable Brief Resilience Scale (BRS). 
The instrument is used to assess the ability of an individual to bounce back from adversity 
using 6 statements measured on a 5-point Likert scale (1= strongly disagree to 5= strongly 
agree).24 To score the BRS, add the responses on the 6 statements, with reverse scoring for 
items 2, 4, and 6. After summing the scores, divide the total by the total number of 
questions answered. Scores ranging from 1.00 to 2.99 indicate low resilience, 3.00-4.30 
normal resilience, and 4.31 to 5.00 high resilience.24  
Performance & Recovery 
To assess performance and recovery, the participants completed 3 instruments 
including the Perceived Recovery Status Scale (PRSS), the Sport Performance Rating 
Scale (SPR), and the Athlete Sleep Screening Questionnaire (ASSQ). The PRSS was 
created to assess an individual’s perceived recovery status on a scale of 0-10 similar in 
nature to the Rated Perceived Exertion Scale. 25 The scale ranges from 0 (very poorly 
recovered) to 10 (very well recovered). A decline in performance would be expected with 
scores from 0 to 3. With scores between a 4 and 7 a similar level of performance would be 
expected. With any scores of 8 to 10 an improved performance would be expected.25  
Next, the SPR was used for participants to rate their perceived performance on a 
scale of 0 (worst performance) to 10 (best performance) for after each practice session. 
Prior studies used sport specific rubrics to assess performance, therefore, the SPR was 
created to allow for multiple teams to assess their performance. This numeric rating scale 
has been deemed reliable and used for pain studies and further rating the intensity of pain.26 
Finally, the ASSQ was used to detect sleep disturbances and daytime dysfunction 
in the student-athlete population. The ASSQ consists of 15 items that assess sleep quality, 
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insomnia and chronotype with a timeframe of “over the recent past.”27 The sleep difficulty 
score from the ASSQ is used to classify the student-athletes into a level of sleep problems 
(none, mild, moderate, severe) based on their responses. The cut off scores for each 
classification include none: 0-4, mild: 5-7, moderate: 8-10, and severe: 11-17.27 The ASSQ 
includes modifiers that are not included in the SDS score but can be used to create sleep 
recommendations. The ASSQ has an internal consistency of 0.74 and test-retest reliability 
of 0.86 for the athletic population.27 
Qualitative Follow-Up 
For the participants who completed the intervention, an online survey via Qualtrics 
was sent to their e-mail address. The purpose of the survey was to collect open-ended 
responses describing their experience during the intervention and follow-up with any 
lasting behavioral changes. The open-ended questions created by members of the research 
team that were used for the qualitative follow-up survey are provided in Table 1.  
Experimental Procedures 
Baseline Measures and Group Allocation 
The participants provided demographic and baseline information during the initial 
session to determine eligibility and informed consent process. The baselines measures 
included all psychological measures (CESD, AD-ACL, CSSS, and BRS) and a 
performance & recovery measure (ASSQ). The participants were then randomly assigned 
into 2 experimental conditions: control and intervention. Participants in the control group 
did not receive the 4-week HRV biofeedback intervention but were asked to complete the 
data collection for the main outcome measures. The participants randomly assigned to the 




Participants in the intervention group were asked to attend 4 intervention sessions 
which were held weekly for 4 weeks. Each session occurred in the athletic training facility 
at the local college/university and lasted 10 - 15 minutes. During each intervention session, 
the HeartMath Institute self-regulation techniques were taught, reviewed, and practiced 
with the participants by a licensed mental healthcare provider trained in the HeartMath 
techniques. The overall goal for self-regulation techniques is to help establish a new 
psychological baseline, resulting in sustainable perceptual and behavioral changes. During 
the first intervention session, participants learned the Heart-Focused Breathing 
Technique™ and the Quick Coherence Technique™. The following week, participants 
learned the Heart Lock-In Technique™, and the Coherent Communication Technique™ in 
addition to reviewing the previous week’s content. The third week was the last week 
individuals learned new concepts and the techniques, the Freeze Frame Technique™ and 
Attitude Breathing Techniques™. The last week of the intervention was used to review all 
the concepts learned. Table 3.5 (supplemental) provides detailed information on each of 
the intervention techniques. Each week, student-athletes were asked to use the HeartMath 
Inner Balance™ mobile application to practice the techniques learned during the 
intervention sessions. Prior to each practice the student-athlete had a “at rest” heart rate 
reading with the Inner Balance™ sensor that clipped onto their earlobe for 2 minutes and 
were asked to report their perceived recovery. After the “at rest” measure was obtained, 
the student-athlete was asked to practice the techniques learned for 5 minutes. The 
techniques were repeated after practice and participants were asked to report their 
perceived performance after each practice. For the duration of the 4 weeks, the participants 
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were asked to practice the techniques and engage in the coherence training before and after 
practice. After the 4-week intervention, participants in the intervention group were asked 
to complete a survey on their experience during and after the intervention. Participants 
were encouraged to provide thorough and detailed answers. Figure 3.1 provides a detailed 
study procedure flow chart. 
Statistical Analysis  
Quantitative Analysis 
We used SPSS statistical software (Version 26; SPSS Inc. Armonk, NY) with an 
alpha set at P < 0.05 for all analyses. A priori power analysis was conducted using G*Power 
statistical software (version 3.1.9.2., Heinrich Heine University, Dusseldorf, Germany). 
Using a large effect size at .07, the power calculation indicated a sample size of 14 total 
participants for each group was needed with estimated power being 0.90. However, a 
sample size of 14 total participants (7 per group) is comparable to previously published 
studies examining heart rate biofeedback programs ranging from 14 to 20 participants per 
group.8,15,17 We performed basic descriptive statistics to examine the demographic 
information (e.g., height, weight, age, body mass index (BMI), academic status, etc.). A 3 
(Time: “at rest”, pre-practice, post-practice) x 4 (Week average: week 1, week 2, week 3, 
week 4) repeated measures ANOVA was independently conducted to examine differences 
between time (“at rest”, pre-practice, post-practice) and weekly coherence average (week 
1, week 2, week 3, week 4) for coherence scores. A 2 (treatment group: intervention, 
control) x 4 (Week: week 1, week 2, week 3, week 4) repeated measures ANOVAs were 
independently conducted to examine differences between treatment group (intervention vs 
control) and week (week 1, week 2, week 3, week 4) for performance, resilience, and 
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recovery. For the psychological variables, 2 (treatment group: intervention, control) X 2 
(Time: pre-intervention, post-intervention) repeated measures ANOVAs were 
independently conducted to examine differences between treatment group (intervention vs 
control) and time (pre-intervention vs post-intervention) for CESD, AD-ACL, CSSS, and 
the ASSQ sleep score.  
Qualitative Analysis 
 The participants in the intervention group (n = 6) completed the open-ended 
response survey to provide their lived experiences during and following the study. All data 
were downloaded from Qualtrics (Qualtrics, Inc., Provo, UT) and independently read by 
two researchers (SRW, ZKW) with experience in qualitative research. To analyze the 
qualitative data and ensure trustworthiness, researchers used multiple analyst triangulation 
and an external reviewer.28 To conduct this, the participants names were removed and 
replaced with a pseudonym. The researchers then followed a modified consensual 
qualitative research process by which both researchers extracted overall themes. Then, the 
two researchers met and coded the responses from all 6 downloaded survey transcripts to 
identify any subthemes. The process continued with each researcher checking the other to 
peer review the work of the other. During the peer review, minor coding discrepancies were 
noted and sent to a third researcher (TTM) who served as an external audit for the 
qualitative analysis. The external audit also confirmed the overall themes and subthemes, 
as well as the coding completed by the two initial researchers to ensure trustworthiness.29,30 
After completion of the analysis and audit, we confirmed consensus on the coding and 






 Initially, 15 participants were assessed for eligibility for the study, and due to a 
current injury, one was removed from participation. Fourteen student-athletes were 
randomized into the intervention (n = 6) and control (n = 8) groups. One participant from 
the control group dropped out of the study after 1 week, therefore 13 participants were 
included in the final analysis (Figure 3.2). All demographic data, including pseudonyms is 
presented in Table 3.2. The pre-test data was screened for naturally occurring differences 
between the intervention and control groups using independent t-tests to determine if 
onetime variables needed to be controlled as a covariate in subsequent analyses. Results 
indicated there were no significant differences (P < .05) precluding the need to control for 
time 1 data in subsequent 2x4 ANOVAs with repeated measures on the last factor. Given 
the sample size and required power, controlling for time 1 data was deemed inappropriate; 
covariate control is recommended in subsequent research.  
Coherence 
  A 3x4 repeated measures ANOVA with a Greenhouse-Geisser correction 
determined that there were no significant interactions between coherence scores for “at 
rest”, pre-practice, and post-practice (F(1.025, 11.280) = 4.463, P = .057, N2 = .289), for 
coherence scores by group (intervention vs control) (F(1.025, 11.280) = 4.563, P = .055, 
N2 = .293), for time (F(1.129, 12.422) = 1.004, P = .347) or for time by group (F(1.129, 
12.422) = 1.039, P = .388, N2 = .086). Additionally there were no significant interactions 
for coherence scores by time (F(1.092, 12.422) = 1.092, P = .377, N2 = .090) or for 
coherence scores by time and by group (F(1.092, 12.422) = .948, P = .358, N2 = .079). The 
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test between subjects indicates a significant main effect (F(1,11) = 108.43, P = .026, N2 = 
.377). Pairwise comparisons determined a significant difference between “at rest” and pre-
practice (F(1,11) = 6.643, P = .040) and between “at rest” and post-practice (F(1,11) = 
6.643, P =  .00). There was not a significant difference between pre-practice and post-
practice scores (F(1,11) = 6.643, P = .128). Pairwise comparisons also indicate significant 
differences between weeks 1 and 2 (F(1,11) = 6.643, P = .025) and between weeks 1 and 3 
(F(1,11) = 6.643, P = .016).  
Psychological Variables 
 There were no significant differences for CESD scores by time (F(1,11) = .022, P 
= .884, N2 = .002) or scores by groups (F(1,11) = .000, P = .991, N2 = .000), however there 
was a significant difference between groups (F(1,11) = 5.890, P = .034, N2 = .349) with 
means increasing from pre to post. For the AD-ACL energy dimension, no significant 
differences in means were indicated for time F(1,11) = .243 P = .632) and an interaction 
(F(1,11) = 4.753, P = .052) was found, whereas in the AD-ACL tension dimension, there 
was no significant differences for time (F(1,11) = .313, P = .587) nor groups (F(1,11) = 
.022, P = .886). When comparing the difference in mean for the energy and tension 
dimensions, no significant differences were found within subjects(F(1,11) = .510, P = .490) 
or subjects by groups (F(1,11) = 1.120, P = .313) and no between subject differences 
(F(1,11) = 5.847, P =.630) were found. When examining stress, no significant differences 
within subjects for stress scores (F(1,11) = .023, P = .883, N2 = .002) or stress scores by 
group(F(1,11) = .204, P = .660, N2 = .018). Additionally, for stress between subjects, 
significant differences were found for groups (F(1,11) = 5.597, P = .037, N2 = .337). When 
examining the difference of weekly resilience scores, there were no significant differences 
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found for the scores (F(1,11) = .841, P = .379, N2 = .071) or for the score and group 
combination (F(1,11) = 1.649, P = .225, N2 = .130). There also were no differences between 
groups for the weekly resiliency scores.  All means and standard deviations are found in 
Table 3.4.  
Performance and Recovery 
 No significant differences were found for weekly average recovery scores (F 
(2.300, 25.301) = 1.290, P =.296, N2 = .105) or recovery by group (F(2.300, 25.301) = 
1.968, P = .156, N2 = .152). There were no significant between subject differences for group 
(F(1,11) = 1.023, P = .333, N2 = .085). As for weekly performance ratings, significant 
differences were found by time (F (1.984, 21.824) = 4.178, P = .029, N2 = .275), but not 
for performance ratings by group (F(1.984, 29.028) = 1.251, P = .306, N2 = .102). No 
significant between subject differences were found for group (F(1,11) = .049, P = .829, N2 
= .004). There were no significant differences found for sleep scores by time (F(1,11) = 
.052, P = .823, N2 = .005),  or by group (F(1,11) = .052, P = .823, N2 = .005). When 
examining between subject differences, a significant difference was found (F(1,11) = 
15.489, P = .002, N2 = .585). All means and standard deviations are found in Table 3.4. 
Qualitative Themes 
Three major themes and 7 subthemes emerged from the data. The 3 major themes 
included 1) Breathing techniques, 2) Experience, and 3) Effects. The subthemes that 
emerged from the data included, 1) Experience: Positive, Visual Appeal, Novice, Negative, 
2) Effects: Tranquility, Improvements in focus, and Neutral. Each of these themes are 
explained below and supported by participant’s responses. All participants were given 
pseudonyms to protect their identity.  
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Theme 1: Breathing Techniques 
 Participants described their experience with the intervention through the various 
breathing techniques learned in the duration of the intervention and use of the Inner 
Balance application. Lucy recalled that the experience “was when you would breathe in for 
five seconds and then out for five seconds. It was where you focused on the inner heart and 
connected your breathing your inner self.” Which was also confirmed by Kelly, when she 
discussed “focus breathing in your heart, stay focused do not wander mentally, breath in 
for 5 seconds and out for 5 seconds.” The emergent theme of breathing techniques was 
referred to by participants throughout the survey in response to dealing with daily stressors. 
Jenny described the breathing techniques to have “helped me be more conscious of my 
breathing”.  
Theme 2: Experience  
 The participants discussed how they experienced the intervention and use of the 
Inner Balance application. The major theme of experience was broken down into 
subthemes based on the responses given. Each subtheme (positive, visual appeal, novice, 
negative) is described and supported by participant responses. Overall, all but one 
participant had described a positive experience when discussing the intervention, the 
application, and benefits of the breathing techniques. When recounting their experiences 
and how the individuals felt during the intervention, Kate mentioned that “it was interesting 
learning about the different breathing techniques to also learn about how to best cope with 
stress.” As the participants discussed their use of the application, 2 participants noted the 
application was easy to use, and Becky specifically stated, “I think it was pretty cool.” The 
participants were asked about lasting benefits since the study had ended, 2 participants 
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noted a simple “yes”, and Lucy mentioned that, “while I haven’t done the techniques very 
often, when I do them, the benefits still last and are the same as they were during the study.” 
When further examining effects of the study on performance, recovery, and schoolwork, 
Becky specifically stated that “it has made my recovery faster.” 
 Participants had the option to use different screens during the intervention based on 
their own preference. When asked about what the participants specifically remember about 
the application, 3 participants mentioned use of the page with a graph. Lucy stated, “I like 
the graph that showed you how you were doing on the techniques. It made it easy to see if 
you could improve on your breathing and how to improve for the next time.” This was 
echoed by Megan and Kelly, who also used the graph feature on the Inner Balance 
application. Megan specifically liked, “the page with the charts and the dot that went up 
and down,” and Kelly used, “the graph and numbers.”  
 When describing their experience, participants provided results that indicated a 
novice level of ability, whether it was with breathing or with the application itself. Novice 
experience seems to show an early stage of learning for the participants. When asked to 
describe what the experience was like and how they felt during the intervention, Becky 
stated, “I felt awkward because I have never sat down and focused on my breathing before.” 
Megan further described her experience with the application as, “the Inner Balance app 
just gave me my results, most of which I didn’t fully understand.” The participants were 
asked their thoughts on the device and system overall, and Kelly indicated that, “I paid 
more attention to trying to get my numbers up than actually breathing.”  
 Another subtheme that emerged was a negative experience during the intervention 
that was shared by 2 participants. When describing their experience, Kelly indicated, “for 
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me personally the breathing exercises did not work so it felt like a burden to keep going,” 
and “I tried to incorporate the techniques in the first 2 weeks however they didn’t prove to 
be beneficial for me so I stopped doing them outside of the study.” For the same questions, 
Megan echoed that response and felt, “annoyed when we had to come in early and stay 
when in a hurry.” 
Theme 3: Effects  
 In describing their experience of the intervention and application, effects of the 
intervention emerged as a major theme in their responses. Within the major theme of 
effects, 3 subthemes emerged including, tranquility, improvements in focus, and neutrality. 
As participants described the effects of their experience, a tranquil or sense of calmness 
was noted 20 times by participants, an improvement in focus 8 times, and a neutral feeling 
17 times. Each subtheme will be further described and supported by participant responses.  
 Tranquility refers to a sense of peace or calmness reported by the participants. 
Tranquility was shown by all participants in at least one of their responses discussing their 
experiences. Lucy stated, “During the sessions I did feel more relaxed and at ease than the 
days when I did not use the breathing techniques.” It was also alluded to by Kate, when 
she mentioned, “it helped me relax sometimes after practice.” When asking about the 
impact of self-regulation techniques on schoolwork, Becky noted, “it made schoolwork a 
bit less of a headache, so less stressful.” A sense of tranquility was also described by Becky, 
“I decided to incorporate the techniques into my daily routine to see if they actually could 
work to help with some of my stress and it did.” 
 As part of the effects theme, improvements in focus emerged as a common effect 
noted by participants. Four out of the six participants referred to an improvement in focus 
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as a benefit from the intervention. Lucy discussed, “I was much more focused on my 
breathing during these sessions than what I usually do. During these sessions, I became 
more aware of how bad my breathing was when I was not using the techniques.” In 
agreement with Lucy, Jenny also stated, “the techniques have helped me be more conscious 
of my breathing.”  
 Another subtheme of effects was neutral, or the feeling of not positive nor negative 
effects. In the subtheme of neutral, participants indicated no change or difference with the 
intervention. All participants but one indicated no change or difference in at least 1 of their 
responses to our questions. Jenny shared, “[the techniques] did not really affect my sport 
performance because I already had my own breathing techniques.” When discussing 
implementation of the self-regulation techniques into their daily lives, Kate stated, “I didn’t 
really think about [the techniques] because I already have my own way of self-regulation”, 
and Megan echoed that by saying, “I was already using most of these techniques before, 
this study was just a reminder. I use them plenty during the day.” 
Discussion 
 Mental and physical wellness as described in the introduction is a topic of 
discussion and interest within collegiate athletics.  The aim of the pilot study was to 
determine if a 4-week biofeedback heartrate intervention would improve coherence, 
psychological and performance variables in student-athletes with a secondary aim to 
describe the experience of the student-athletes that were in the intervention group. 
However, the results of our pilot study demonstrated a 4-week intervention focused on 
breathing techniques was positively accepted by the student-athletes, even though 




 Increased order and harmony in psychological and physiological processes are 
defined as coherence, also more commonly known as an optimal state of function. Through 
validated self-regulation techniques, individuals are able to experience mental clarity and 
improved function.19 The purpose of the 4-week intervention was to introduce the self-
regulation techniques to the student-athletes and each week participants would practice 
these techniques prior to and after team practice sessions. We hypothesized coherence 
scores given through the Inner Balance mobile application would improve for the 
individuals practicing the self-regulation techniques each day. Contrary to our hypothesis, 
there were no difference between the control or intervention groups for “at rest”, pre-
practice, or post-practice coherence scores, however comparisons did indicate differences 
between scores for “at rest” and pre-practice and for “at rest” and post-practice. While 
insignificant, the control group had consistently lower scores than the intervention group. 
The control group consistently stayed within the coherence categories of beginner to good, 
while intervention group ranged from very good to excellent through the 4 weeks. No 
change in coherence scores also contradicts previous findings demonstrating changes not 
only in heart rate but also brain activity (i.e., Electroencephalography), when utilizing self-
regulation breathing techniques over a span of 5-week period.17,31 Changes and 
improvements in heart rate and brain activity demonstrate an increase in coherence and a 
shift into a more optimal state of functioning.11  No change in the scores from our pilot 
study could be due to a novice ability in learning the self-regulation techniques. Three out 
of the six intervention participants noted feeling “awkward’ or not fully understanding the 
Inner Balance application. It is possible that better understanding of the self-regulation 
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techniques or application and remembering their steps would help improve individual 
coherence scores.   
Additionally, during the intervention time fame, post-practice coherence scores 
were obtained at the student-athlete’s location of practice where they focused on their 
breathing techniques. While the environments were generally quiet, it is possible 
participants became distracted, lost focus, or were concerned on about their performance 
of the day. Prior research examining coherence conducted their sessions in a researcher’s 
office or in a quiet environment at home, and not part of their normal everyday routines.19,31  
We encouraged our student-athletes to learn self-regulation techniques and practice 
throughout their daily activities and by doing so, supported them to create a routine of 
practicing  the techniques they could implement into their routines. The setting allowed the 
student-athletes to realistically practice self-regulation techniques as if they would do on 
their own. A few of the participants already had breathing techniques incorporated into 
their daily lives, and others stated, “they decided to use the self-regulation techniques into 
their daily routine to help with their stress.”  
Psychological Impact    
 Student-athletes experience signs and symptoms of mental illnesses (e.g.,  
depression, stress) comparable to that of typical collegiate students.32,33 There is a need for 
interventions to help reduce signs and symptoms and help student-athletes learn techniques 
to safely and effectively manage their mental health. With success in emWave and 
HeartMath self-regulation techniques being used to reducing anxiety in nursing students 34 
and stress in collegiate students,34,35 it was hypothesized a similar intervention would 
benefit the student-athletes and reduce reported signs and symptoms for depression, 
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balance arousal levels, lower stress ratings, and increase resilience. Our results revealed no 
significant differences between the control and intervention group for depression, stress, 
and resiliency scores. The intervention group had a large variance for the depression scores 
that stayed relatively consistent through the 4 weeks of the intervention. No change in 
depression scores can possibly be attributed to pre-existing signs and symptoms of 
depression, injuries during the intervention, or poor sport performance through the same 
timeframe.  
 HeartMath describes improvement in energy as a shift in emotional stability within 
those utilizing self-regulation techniques.19 The adjectives peppy, energetic, lively, full of 
pep, and activated are used to represent momentary states of arousal activation (AD-
ACL).21 The results identified individuals in the both groups increased their energy states, 
however the control group had a higher energy score. With a small increase in the energy 
dimension, it is possible a shift in emotional stability may have occurred in the intervention 
participants, however we cannot be certain without changes in coherence scores. When 
examining the other spectrum of the arousal dimensions, the tension dimension remained 
consistent between the two groups, and while insignificant the intervention group had 
higher scores of tension. Activation of arousal has not been previously studied in student-
athletes with use of biofeedback and self-regulation techniques, however it may warrant 
further examination as a momentary arousal state and possibly demonstrate a shift in 
emotional stability and heart rhythm pattern.  
 Perceived stress was also examined; while there were no significant changes across 
the 4 weeks, results indicate stress levels stayed consistent for both groups. The stress 
levels were similar to previous research on nursing students, that demonstrated stress levels 
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remained consistent through five weeks with the use of biofeedback and self-regulation 
techniques.34 It is possible consistent stress with both groups can illustrate that all of the 
participants were experiencing some stress during the timeframe of the intervention. 
Incoherent heart rhythm patterns are associated with emotions of stress, frustration, anger, 
and anxiety.19 With continuous levels of stress, coherence scores would also remain 
unchanged. While perceived stress did not significantly change during the intervention, 
participants in the intervention group did discuss effects from the self-regulation techniques 
through their survey responses. It was noted individuals felt “more relaxed and at ease than 
on the days when I did not use the breathing techniques”, and schoolwork seemed, “less of 
a headache, less stressful”. Effects may have been felt at the time of the intervention but 
was not reflected in the survey at the end of the intervention.  
 The ability to adapt, maintain, or regain positive psychological health is thought to 
be resilience. Resilience allows individuals to overcome and positively adapt to stressful 
situations and choose effective stress management techniques.36 Our results indicated 
resilience scores did not improve with the intervention, rather stayed consistent. Although 
insignificant, the intervention group had a slight increase in resilience scores. Three of the 
six intervention participants reported already having breathing techniques to use during 
stressful situations. Their scores may have not improved by focusing on other self-
regulation techniques or stayed the same because they already had some exposure to stress 
management through other breathing techniques.  
Performance and Recovery 
 Performance is complex and can easily be affected by inadequate sleep or recovery. 
Previous research has examined biofeedback and HRV within student-athletes specifically 
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to enhance performance.18 While their results indicated physiological changes in HRV, the 
self-report measures were not clinically significant.8 Our self-report measures for recovery, 
performance and sleep were similar. It was anticipated self-reported recovery would 
improve over time with use of self-regulation techniques and shifting into a coherent state 
after practices. However, even with no significant changes demonstrated in the quantitative 
data, one participant specifically stated, “it has made my recovery faster.”  
 Furthermore, student-athletes rated their performance over the 4-week period. Prior 
research has indicated an improvement in performance and focus for golfers, volleyball 
and basketball players, and long-distance runners.16 While performance scores were not 
significant for the two groups, participants in the intervention group discussed 
improvements in their focus. It was supported when participants stated, “I was much more 
focused on my breathing during these sessions than what I usually do. During these 
sessions, I became more aware of how bad my breathing was when I was not using the 
techniques.”  
 Sleep is a vital requirement for improvements in recovery and performance. 
Deficits in sleep quality may be detrimental to adequate recovery and sport performance. 
There was not a significant change in sleep quality when examining the two time points or 
when examining the group and time comparisons. When examining the sleep scores, the 
control group started with a lower sleep score than the intervention group. However, both 
groups fall into the mild to moderate sleep problem category. Both groups would possibly 





Limitations and Future Research  
 While the current study is one of few implementing a mental health intervention 
for student-athletes using self-regulation techniques to help manage mental health signs 
and symptoms, it is not without limitations. First, the use of self-report questionnaires for 
psychological constructs are widely used and reliable. While self-report data has been 
deemed reliable, it is unknown if the student-athletes answered truthfully or if they 
answered according to what was expected as a student-athlete.  
Second, our study was regarded as a pilot study due to the limited sample size that 
was localized to one school and two sports. Prior sample size calculations revealed that we 
needed 28 participants, with 14 in each group. However, spring sport seasons were 
canceled in March 2020 when this study was conducted due to COVID-19, restricting the 
continuation of the study at two other universities.  It is possible that the findings may have 
been different if the sample size was increased and if the study was not conducted during 
a global pandemic that may alter one’s stress. Additionally, when examining pre-
intervention scores for the intervention and control group, it was determined there were 
outliers for the CESD scores. The pre-intervention CESD scores ranged from 3 to 39, 
which provided a large standard deviation for the intervention group.  
Lastly, participants were expected to complete the intervention after their practices 
which not only can affect HRV, but participants indicated they felt annoyed when having 
to stay after practices which also could affect their breathing practices. In addition, the 
intervention occurred in the middle of both seasons for swimming and lacrosse, which is 
not ideal for full attention and participation from the student-athletes. Conducting this study 
earlier in their off season or pre-season may be a better time for student-athletes to learn 
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self-regulation techniques that they can use for their season and managing their mental 
health.  
 Due to the scarcity of literature for student-athlete mental health interventions, there 
are notable future directions for research. Our study is among previous research that has 
examined HRV biofeedback with student-athletes, using HeartMath techniques 
specifically and includes areas for improvement.15,17 First, a larger sample including males 
and various sports would provide powerful comparisons for gender, sport, and help 
determine if the intervention is effective in reducing psychological difficulties. Replication 
of this study would help determine the effectiveness of a four-week intervention for mental 
health improvement in student-athletes.  
Implications for Clinical Practice 
 With the current data, it can be concluded that a HRV intervention with student-
athletes needs further research to determine if effective for improvement in the aspects of 
mental health and performance. While the results did not show statistical improvement in 
the intervention group, the student-athletes reported a mostly positive experience with 
lasting effects. The ease of the self-regulation breathing techniques and use of the Inner 
Balance application are promising for athletic trainers, coaches, and strength and 
conditioning professionals to use for mental health and wellness and performance 
enhancement techniques.  
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1. Please discuss what you remember about the intervention sessions. Tell me about 
what you did.  
2. Can you describe to me what the experience was like? How did you feel during the 
intervention session? 
3. Tell me more about what you remember specifically on the Inner Balance 
application.  
4. What were your thoughts about the device and system? 
5. What view feature did you use on the application? 
6. Please describe any positive effects or benefits from the intervention during the 
study? 
7. Have those benefits lasted since the study ended? 
8. Please describe any negatives effects or setbacks from the intervention during the 
study? 
9. Have those setbacks lasted since the study ended? 
10. Can you describe how the self-regulation techniques have impacted your sport 
performance?  
11. Can you describe how the self-regulation techniques have impacted your recovery? 
12. Can you describe how the self-regulation techniques have impacted your 
schoolwork? 
13. As part of the study, we taught you some self-regulation techniques and encouraged 
you to incorporate these in your daily routine. Please discuss your decision to or not 
to incorporate the techniques during the study period? 
14. How did you go about doing this on your own? Were you successful? 
15. Over the last month since the study ended, tell me about how you have 
incorporated, if at all, the self-regulation techniques into your life. 
16. In your opinion, what suggestions for change do you have about the intervention 




Table 3.2 Demographic information including academic status, sport and        
ethnicity (n=13) 
 M SD 
Age 19.9 1.3 
Height (cm) 166.3 8.7 
Weight (kg) 73.3 19.0 
Academic Status % n 
 Freshman 30.8 4 
 Sophomore 15.4 2 
 Junior 30.8 4 
 Senior 23.1 3 
Sport % N 
 Lacrosse 69.2 9 
 Swimming 30.8 4 
Ethnicity  % n 
 Caucasian 53.8 7 
 Black or African American 30.8 4 
 Biracial/Two or More Races 23.1 2 
Pseudonym Sport Academic Status Age 
 Lucy Lacrosse Sophomore 19 
 Kate Swimming Sophomore 19 
 Becky Lacrosse Freshman 18 
 Megan Swimming Junior 20 
 Kelly Lacrosse Freshman 18 
 Jenny Swimming Senior 22 
 
 




Table 3.3 Means and standard deviations for coherence and performance variables 
 
 
 Control (n=7) 
Week 1 Week 2 Week 3 Week 4 ANOVA 
M SD M SD M SD M SD F (3,33) 
Baseline Coherence 1.18 .27 1.47 .36 1.50 .44 1.50 .24 .055 
Pre-Practice Coherence 1.46 .35 1.30 .37 1.50 .32 1.51 .33  
Post-Practice Coherence 1.63 .39 1.55 .21 1.55 .27 1.73 .54  
Recovery 5.76 1.57 6.18 1.45 5.61 1.41 4.76 1.27 .296 
Performance 5.32 1.16 6.26 .75 5.64 .52 4.64 .93 .029** 
Brief Resilience 3.44 .19 2.61 .35 3.56 .25 3.61 .35 .397 
 Intervention (n=6)  
Week 1 Week 2 Week 3 Week 4 
M SD M SD M SD M SD  
Baseline Coherence 1.67 .61 1.77 .48 1.31 .34 1.55 .56 
Pre-Practice Coherence 3.50 1.09 3.05 1.20 2.25 .95 5.74 8.57 
Post-Practice Coherence 2.98 .80 2.02 .98 1.78 .57 1.73 .54 
Recovery 5.16 .57 5.09 1.49 4.64 .50 5.25 1.07 
Performance 5.29 .64 5.71 1.53 5.33 1.04 5.21 .58 
Brief Resilience  3.50 .50 3.39 .67 3.44 .59 3.72 .38 




































 Control (n =7)  Intervention (n=6)  
Pre-Intervention Post-Intervention Pre-Intervention Post-Intervention ANOVA 
M SD M SD M SD M SD F (1,11) 
CESD 10.43 5.94 10.71 4.35 19.67 12.03 20.00 7.64 .884 
AD-ACL Energy 13.14 2.79 11.14 3.67 9.00 1.55 9.83 3.76 .632 
AD-ACL Tension 8.00 2.08 8.57 2.64 9.50 5.24 9.83 4.02 .587 
CSSS 25.29 7.91 24.29 4.96 35.17 11.92 35.67 8.91 .883 
ASSQ 6.00 2.45 6.00 1.53 10.33 2.73 10.00 2.45 .823 
**Significance at .05 level  
*Center of Epidemiologic Studies Depression Scale - CESD 
*Activation- Deactivation Adjective Check List- AD-ACL 
* College Student Stress Scale- CSSS 






        Table 3.5 HeartMath self-regulation techniques
 
Technique Focus of Technique 
 Heart-Focused Breathing  Reduce the impact of stress on your mind and body and reduce energy 
drain by going into a neutral state.  
 Quick Coherence  Builds on Heart Focused Breathing and allows individual to shift 
emotions to positive and productive ones. 
 Heart Lock-In  Builds on Quick Coherence and focuses on sustaining heartfelt positive 
emotions and coherence for longer periods of time. 
 Coherent Communication  Designed to improve connection and understanding between listener and 
speaker during communication.  
 Freeze Frame Freeze frame is designed to help individuals slow down emotional 
reactions and make a positive shift to find new solutions to stressful or 
challenging problems. 
 Attitude Breathing This technique focuses on emotional restructuring and refocusing by 
helping individuals identify undesired emotional states and identify a 

















Throughout the United States, 1 in 5 adults experience a mental disorder, with over 
40 million adults experiencing a mental disorder each year. The most common mental 
disorders experienced are anxiety and depressive disorders.1 These numbers include but 
are not limited to college students and reactions to their personal stress and responsibilities. 
College students above the age of 18 may be at a higher risk for developing mental health 
disorders due to high stress, negative life events, or significant life changes. Student-
athletes also experience many of the same opportunities as general college students. They 
are responsible for maintaining academic and sport requirements, while holding high 
standards held by their coaches, teammates, and family members. Often, student-athletes 
are assumed to be a generally healthy population and potentially immune to mental health 
disorders. However, recent research has indicated that student-athletes experience a 
prevalence rate similar to general college students for experiencing symptoms of anxiety 
and depression.2,3  
With a rise in the prevalence of suicide and mental health disorders in student-
athletes, the National Collegiate Athletic Association (NCAA) has taken steps to recognize 
the importance of mental health and wellness for student-athletes. In 2016, the NCAA’s 
Sport Science Institute published their Mental Health Best Practices document for 
institutions to use as a resource for mental health and well-being.4 In addition, research is 
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calling for prevention and intervention programs to help mitigate signs and symptoms of 
mental health disorders. Currently the focus is on prevention programs through education 
and educational materials (e.g., websites, interactive web-based mental health literacy 
programs) and does not include interventions geared to reduce depressive or anxious 
symptoms experienced by student-athletes.5 
Biofeedback is a well-known modality in which individuals can visualize 
physiological measurements (e.g., muscle function, skin temperature, cardiovascular 
activity).6 Through biofeedback individuals gain control of their physiological functions 
and increase awareness of their thoughts and emotions. The HeartMath Institute has 
extended research on the effect of heart activity on brain function by developing heart rate 
variability (HRV) biofeedback modalities such as EmWaveÔ and Inner BalanceÔ.7 Inner 
BalanceÔ technologies allow individuals to visualize their HRV in real time with the goal 
of training individuals to recognize heart rate rhythms and implement trainings into daily 
life. The EmWaveÔ technology has been previously used and researched in numerous 
populations, including but not limited to college nursing students and general college 
students for stress and anxiety.8-10 Within these studies it was found that the use of 
biofeedback devices and the techniques learned decreased anxiety and maintained stress 
levels throughout the intervention. EmWaveÔ technology has also been used within the 
student-athlete population and primarily geared toward sport performance.11-13 To date, 
research has not focused on the mental health of student-athletes as a primary focus for 
intervention benefits. Previous studies have eluded to a reduction in anxiety symptoms and 
it has been suggested the intervention may help with increasing sleep quality and 
decreasing the symptoms of depression and stress. Therefore, the main objective of this 
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study is to examine the effects of a 4-week heart rate biofeedback training intervention on 
mental health outcomes in current student-athletes.  
Statement of the Problem 
There is research identifying the prevalence of mental health symptoms in college 
students, and more recently student-athletes, however, there are limited studies on 
strategies to prevent symptoms from developing and/or intervene after symptoms have 
developed. Currently mental health interventions focus on education for student-athletes 
and coaches but do not provide feasible and transferable skills for student-athletes to learn 
and manage their stress and anxiety.5 It has been suggested that biofeedback through 
EmWaveÔ  technology can improve anxiety and stress in general college students; 
however, it is unknown if the techniques can also be beneficial for the collegiate student-
athletes’ mental health, performance, and recovery.11-13   
Specific Aims and Hypotheses 
Overall Hypothesis: A 4-week heart rate biofeedback intervention will improve mental 
health (e.g., depressive symptoms, anxiety symptoms, perceived stress, quality of sleep) 
and performance outcomes at two time-points (i.e., middle of the intervention, post 
intervention). This overall hypothesis will be tested under four specific aims.  
Specific Aim 1. Examine and compare changes in psychological variables (e.g., depressive 
symptoms, anxiety symptoms, perceived stress) from pre-intervention, middle of 
intervention, and post-intervention (4-weeks) for individuals across experimental groups 
(control (healthy A), control (mental health counseling B), control (injured C), intervention 
group (healthy A), intervention (mental health counseling B), intervention (injured C). 
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Hypothesis 1.1. There will be a reduction of depressive and anxious symptoms and 
reduced perceived stress, in the healthy intervention group when compared to the 
control healthy group.  
Hypothesis 1.2. There will be a greater reduction of depressive and anxious 
symptoms and perceived stress in the mental health counseling intervention 
compared to the mental health counseling control group.  
Hypothesis 1.3. There will be a reduction of depressive and anxious symptoms and 
perceived stress in the injured intervention group compared to the injured control 
group.  
Specific Aim 2. Examine changes in baseline HRV coherence scores with a 4-week heart 
rhythm biofeedback training program across all experimental groups. 
Hypothesis 2.1. Baseline HRV coherence scores improve weekly with the 4-week 
heart rhythm biofeedback training program in the healthy intervention group when 
compared to the healthy control group.  
Hypothesis 2.2. Baseline HRV coherence scores will improve weekly with the 4-
week heart rhythm biofeedback training program in the mental health counseling 
intervention group when compared to the mental health counseling control group.  
Hypothesis 2.3. Baseline HRV coherence scores will improve weekly with the 4-
week heart rhythm biofeedback training program in the injured intervention group 
when compared to the injured control group.  
Specific Aim 3. Examine changes in HRV coherence scores weekly, over a 4-week heart 
rhythm biofeedback training program across all experimental groups.  
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Hypothesis 3.1. HRV coherence scores will improve weekly with a 4-week heart 
rhythm biofeedback training program in the healthy intervention when compared 
to the healthy control group.  
Hypothesis 3.2. HRV coherence scores will improve weekly with a 4-week heart 
rhythm biofeedback training program in the mental health counseling intervention 
group when compared to the mental health counseling control group.  
Hypothesis 3.3. HRV coherence scores will improve weekly with a 4-week heart 
rhythm biofeedback training program in the injured intervention group when 
compared to the injured control group.  
Specific Aim 4. Examine and compare changes in sleep quality from pre-intervention, 
middle of intervention, and post-intervention (4-weeks) for individuals across experimental 
groups (control (healthy A), control (mental health counseling B), control (injured C), 
intervention group (healthy A), intervention (mental health counseling B), intervention 
(injured C). 
Hypothesis 4.1. The 4-week heart rhythm biofeedback training program will 
improve sleep quality scores in the healthy intervention group compared to the 
healthy control group.  
Hypothesis 4.2. The 4-week heart rhythm biofeedback training program will 
improve sleep quality scores in the mental health counseling intervention group 
compared to the mental health counseling control group.  
Hypothesis 4.3. The 4-week heart rhythm biofeedback training program will 
improve sleep quality scores in the injured intervention group compared to the 
injured control group. 
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Specific Aim 5. Examine differences in performance scores for individuals across 
experimental groups (control (healthy A), control (mental health counseling B), 
intervention group (healthy A), intervention (mental health counseling B) for one home 
game and one away game.   
Hypothesis 5.1. Individuals in the healthy intervention group will report greater 
performance ratings compared to the control healthy group.  
Hypothesis 5.2.  Individuals in the mental health counseling intervention group 
will report greater performance ratings compared to the mental health counseling 
control group. 
Specific Aim 6: Examine and compare changes in perceived recovery status scores for 
individuals across all experimental groups (control (healthy A), control (mental health 
counseling B), control (injured C), intervention group (healthy A), intervention (mental 
health counseling B), intervention (injured C). 
Hypothesis 6.1. The 4-week heart rhythm biofeedback training program will 
improve perceived recovery status scores in the healthy intervention group, 
compared to the healthy control group.  
Hypothesis 6.2. The 4-week heart rhythm biofeedback training program will 
improve perceived recovery status scores in the mental health counseling group, 
compared to the mental health counseling control group. 
Hypothesis 6.3. The 4-week heart rhythm biofeedback training program will 
improve perceived recovery status scores in the injured intervention group, 





Student-athletes are college students, sharing in the same challenges and 
opportunities as general college students, with an additional role as an athlete. Not only are 
collegiate student-athletes required to maintain academic and sport requirements, but they 
also are held to high standards by coaches, teammates, and family members.  College 
student-athletes are generally considered a healthy population and are often assumed to be 
immune to mental health disorders (i.e., depression, anxiety). Recently, prevalence 
research has identified a comparable rate of depressive and anxious symptoms in college 
students and college student-athletes.2,3 The research in mental health for student-athletes 
has been increasing; however, there are limited studies examining risk factors, prevention, 
and intervention programs. Therefore, the purpose of this literature review is to discuss 
common mental health disorders (i.e., depressive disorders, anxiety disorders) that student-
athletes may encounter, risk factors, prevalence rates, prevention and intervention 
programs and an introduction to heart rate variability for the reduction in depressive and 
anxious symptoms. 
Depressive Disorders 
The Diagnostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5) 
characterizes depressive disorders as disorders that share common features of sad, empty, 
irritable moods with cognitive and somatic changes which result in a decreased ability to 
function.14 The DSM-5 addresses diagnostic criteria for 4 specific depressive Disorder; 
Disruptive Mood Dysregulation Disorder, Persistent Depressive Disorder (PDD), 
Premenstrual Dysphoric Disorder, and Major Depressive Disorder (MDD). The clinical 
features of disruptive mood dysregulation disorder will be presented; however, it will not 
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be included in the rest of the literature review as it does not pertain to college students or 
collegiate student-athletes. 
Disruptive Mood Dysregulation Disorder 
Disruptive Mood Dysregulation disorder is characterized by severe and recurrent 
temper outbursts in children ages 6 to 11.15,16 These outbursts must occur 3 or more times 
a week for at least 1 year in multiple settings (e.g., school, home, daycare) to be considered 
for diagnosis. In addition, the temper outbursts are beyond the normal reaction or response 
to a situation.14 For an accurate diagnosis, it is pertinent the frequency, duration, and 
persistence of the tantrums are recorded and assessed. This specific disorder is primarily 
found in children and therefore will not be included any further in this literature review. 
Persistent Depressive Disorder   
PDD is characterized as having a depressed mood for most of the day, most days 
than not and is often considered a chronic form of depression. 15,16 To be considered for 
diagnosis, an individual must have at least 2 symptoms present during the same period. 
These symptoms include poor appetite or overeating, change in sleep habits, low energy or 
fatigue, low self-esteem, impaired concentration or indecisiveness, and hopelessness. 
Furthermore, individuals must not be without symptoms for more than 2 months.14-16 To 
differentiate from MDD, the individual has experienced a depressed mood for 2 years or 
longer.15,16 
Premenstrual Dysphoric Disorder  
Premenstrual Dysphoric Disorder is defined as affective lability (mood 
dysregulation), irritation, and depressive symptoms that occur in the last week of the 
menstrual cycle in women.15 An accurate diagnosis requires minimally 5 clinically 
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significant symptoms that repeatedly occur during the pre-menstrual phase of the cycle and 
remit shortly after. To be considered for diagnosis, at least 1 symptom must include a 
disturbance in general mood, irritability, anxiety or dysphoria.16 Additionally, individuals 
must report 1 of the following symptoms: trouble concentrating, anhedonia (or inability to 
feel pleasure), lethargy, sleep, and appetite changes, overwhelmed, and physical 
symptoms.14,16 More specifically, physical symptoms include breast tenderness, swelling, 
joint or muscle pain, bloating, and weight gain.  Furthermore, the diagnosis of Premenstrual 
Dysphoric Disorder is contingent upon symptoms occurring in menstrual cycles for the 
past year and are severe enough to cause impairment in work or social situations. 
Major Depressive Disorder 
MDD is defined by 1 or more major depressive episodes with an absence of mania 
and hypomania.15 To be considered for diagnosis; an individual must have 5 out of 9 of the 
following symptoms be present during the same 2-week period. These symptoms include 
depressed mood, loss of interest or pleasure, changes in weight or appetite, insomnia or 
hypersomnia, psychomotor retardation or agitation, loss of energy or fatigue, worthlessness 
or guilt, impaired concentration or indecisiveness, thoughts of death or suicidal ideation or 
attempt. One of the 5 symptoms must include a depressed mood or loss of interest or 
pleasure.14,15 There are 14 subcategories that can be included with a diagnosis of MDD. 
These include anxious distress, mixed features, melancholic features, atypical features, 






Measurement of Depressive Symptoms and Depressive Disorder  
For an official diagnosis of a depressive disorder, individuals can seek the help of 
a psychiatrist, clinical or school psychologists, clinical social worker, licensed professional 
counselor, mental health counselor, or nurse psychotherapist. Each mental health 
professional listed above have been trained to diagnose mental health disorders; however, 
not all can provide psychotherapy or prescribe medications. To assist with the assessment, 
semi-structured and structured interviews, and self-report measures can be used in addition 
to the DSM-5 guidelines, and clinical judgment. Commonly in research, semi-structured 
and structured interviews and self-report measures are used to provide an estimate on 
prevalence of symptoms for the desired sample. Research on depressive symptomology 
prevalence in college students typically include the following self-report measures: 
Hospital Anxiety and Depression Scale,17 Depression Anxiety Stress Scale (DASS),18 Beck 
Depression Inventory,19,20 Center for Epidemiologic Depression Studies (CES-D),21 and 
the Patient Health Questionnaire-9.22 These self-report measures have been validated and 
are frequently used in research.  
Measurement of Depressive Symptoms in Student-Athlete Research  
The instruments used to assess depressive symptomology in collegiate student-
athletes include the Beck Depression Inventory (BDI), CES-D, Personality Assessment 
inventory subscales, and Patient Health Questionnaire (PHQ-9). Primarily the BDI and 
CES-D are used for prevalence rates and assessing depressive symptomology after 
injury.2,23-27 The BDI is a validated screening instrument that was designed to evaluate the 
presence and intensity of cognitive, affective, and somatic symptoms of depression.28 This 
standard rating scale consists of 21 items and has been found to have high internal 
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consistency in psychiatric (.86) and non-psychiatric (.81) populations.20 The CES-D is 
another instrument used to assess the frequency of depressive symptoms. The CES-D has 
been validated for the general, adult population with good internal reliability of .85.21 There 
are 20 items to assess frequency (e.g., rarely or none of the time, most or all of the time) of 
depressive symptoms over the past week. A score of 16 or greater indicates a risk for 
depression.  There are various screening tools validated and used for assessing depression 
risk in research; however, it is difficult to compare prevalence results and make 
assumptions based on the findings. 
Etiology of Depressive Disorders 
The etiology of depressive disorders can be a combination of factors from 
biological, psychological, social, and sociocultural contexts. Development of depressive 
disorders generally begins in adolescence and transitions through adulthood. This 
timeframe places college students at risk based on age group alone. Dysregulation of the 
hypothalamic-pituitary-adrenal (HPA) axis has an essential role in the biological 
development of depressive disorders. The HPA axis activates with stressful situations, and 
once activated, the body prepares for immediate action and is in a “fight or flight” 
mode.29,30 Once the HPA is enabled, higher levels of processing from the brain must return 
it to normal. With excessive exposures to stress and triggers, the neural connections 
associated with the HPA axis become strengthened, which can increase cortisol levels and 
increase an individual's susceptibility to physical and mental health disorders.31  In addition 
to the HPA axis, there are neurotransmitters responsible for the etiology of MDD. There is 
no one neurotransmitter in the brain that is solely responsible for MDD; however, 
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Serotonin, Norepinephrine, and Dopamine have all been linked to the etiology and 
development of MDD.31  
The psychological factors associated with depressive disorders have a significant 
impact on the etiology of depression in younger individuals, where a combination of 
heredity and psychological factors significantly impact adolescents and adults. The 
psychological dimension of depressive disorders is based on two main components: 
behavioral and cognitive factors that play a role in the development and etiology of 
depression. Within the behavioral component, it has been found that stressful situations 
and circumstances increase the risk of depressive disorders.32 These situations include 
childhood adversity, perceived stress, job loss, death of a family member or friend, injury, 
or sickness.32,33 Typically, social reinforcement is insufficient, furthermore causing 
individuals to withdraw from social interactions, decreasing their self-confidence, and 
exacerbating their depressive symptoms.30 Within the cognitive component, the processes 
behind how people think, negative thought processes, damaging self-views, pessimism, 
and helplessness are critical components to the development of depressive symptoms.33 
Negative thinking patterns or processes affect emotional reactions and often cause 
exaggerated or irrational reactions to things occurring around them. The other areas of 
etiology for depressive disorders include social and sociocultural risk factors, including 
lack of social support or disruption of social support, ethnic or racial discrimination, and 
low socioeconomic status.30   
Depressive Disorder Risk Factors   
There are specific risk factors associated with depressive disorders. These risk 
factors can include neuroticism or negative affectivity (negative emotions), stressful life 
 
82 
events, adverse childhood experiences, or significant life changes may predispose 
individuals.32,33  Likewise, family history and genetics may place someone at risk for 
depressive disorders.33 Other factors to consider for depressive disorders, is experiencing 
a chronic or disabling medical condition or developing another mental health condition in 
addition to the depressive disorder (e.g., anxiety, borderline personality disorder). Risk 
factors for depressive disorders in the general college population are like that of college 
student-athletes.  
In addition to the risk factors that college students face, student-athletes also face 
additional stressors that may put student-athletes at a higher risk for depressive symptoms. 
Some specific risk factors for depressive symptoms in collegiate student-athletes include 
genetic factors (e.g., family history), low social support, competitive failure, pain, sports 
injury, career termination, or a decline in performance.26,34,35 Early retrospective research 
indicated that student-athletes who experienced a musculoskeletal injury were at a higher 
risk for depressive symptoms than non-injured student-athletes.36  In another study, Leddy 
et al.,37 used a prospective research design to examine depressive symptoms after an injury 
occurred. Findings indicated that over half of the athletes (51%) who were injured during 
the study reported depressive symptoms ranging from mild to severe.37 More recently, 
using semi-structured interviews and the CES-D, it was found that depressive symptoms 
were present one week after injury, and symptomology was persistent one month after 
injury when compared to healthy controls.38 While previous research has identified those 
who were at risk for depressive symptomology after a musculoskeletal injury, Li et al.,24 
examined depressive symptoms at the beginning of the season and followed the student-
athletes prospectively through 4 seasons. Those who reported preseason depressive 
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symptoms did not have an increase in injury risk; however, males were more likely to 
become injured in a game.24  
A sports injury has been linked to an increased risk for depressive symptoms after 
an injury; however, it is still not well understood if prior depressive symptoms place 
student-athletes at a higher risk for depressive symptoms after an injury. Moreover, there 
are mixed findings on the injury type and the link to depressive symptomology.  
Prospectively examining depressive symptomology before and after a sports injury would 
help understand the relationship between depressive symptomology and injury type and 
risk.  
Just as musculoskeletal and orthopedic injuries are associated with an increased 
risk for depressive symptoms, concussive injuries have also been linked to depressive 
symptomology. The symptoms of a concussion can overlap with and exacerbate depressive 
symptoms. There is a growing amount of literature examining mental health disorders with 
a concussion. Recent systematic reviews support that concussions may predispose student-
athletes to depressive symptoms in the acute and chronic stages.39,40 In a study of National 
Collegiate Athletic Association (NCAA) Division I student-athletes, depressive symptoms 
in concussive participants significantly increased after a concussion and returned to 
baseline one to three months later.41 Additionally, recurrent concussions in retired 
professional football players were found to be associated with an increased risk of 
depressive symptoms.42,43 There is clear evidence that concussive symptoms pose a threat 
for depressive symptoms in student-athletes both in the acute and chronic stages. After 
student-athletes sustain a concussion, there should be careful monitoring for depressive 
symptoms, and the return protocol should also address a return to baseline of depressive 
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symptomology. Currently, the National Athletic Trainers’ Association (NATA) position 
statement on management of sport concussion only mentions depressive symptoms as a 
possible mediator of current concussions and a potential long term consequence.44  
Another risk factor for depressive symptoms in student-athletes is career 
termination. In a recent review, researchers identified career termination as a life transition 
that can cause psychological distress.2 Weigand et. al.,45 hypothesized that changes in their 
lifestyle and a loss of personal identity might put former athletes at an increased risk for 
depression. However, the opposite was found, and current student-athletes were at a higher 
risk for depressive symptoms than former athletes.45 This study does not account for an 
abrupt disruption in athletic identity due to an injury. Therefore, there may be an increased 
risk of psychological distress and depression after a loss of athletic identity, including an 
increased risk for suicide.  
Prevalence of Depressive Disorders 
A National Comorbidity Survey Replication in 2001-2003 reported an estimated 
prevalence of PDD and Premenstrual Dysphoric Disorder. These prevalence rates were 
based on diagnostic interview criteria through a national survey conducted between 
February 2001 and April 2003, with a response rate of 79%. Based on diagnostic interview 
data the prevalence for PDD in adults, was at an estimated 1.5% of U.S. adults had PDD 
in the past year, with a higher prevalence associated with females (1.9%) compared to 
males (1.0%). More recently using face to face interviews, the 12-month prevalence for 
PDD in the United States is approximately 0.5% with a lifetime prevalence of 0.9%.  The 
12-month prevalence for Premenstrual Dysphoric Disorder is between 1.8% and 5.8%, 
with higher estimates based on retrospective recall. In estimates using prospective daily 
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ratings, the prevalence is approximately 1.8% for individuals without functional 
impairment and 1.3% with functional impairment.46,47 
The national prevalence data for MDD from the years of 2013-2016, used data from 
the National Health and Nutrition Examination Survey (NHANES).  NHANES is a cross-
sectional survey that monitors the health and nutrition status of the U.S. population. 
Trained interviewers administered the PHQ-9 during a private interview in a mobile 
examination center. The prevalence rates from this survey indicated, 8.1% of American 
adults over the age of 20 had depression in two weeks, with women (10.4%) twice as likely 
to have depression compared to men (5.5%).  Specifically, in college-aged individuals, the 
prevalence rate of depressive symptoms in a multi-campus examination using the PHQ-9 
was 17.3%, with females reporting a significantly higher depressive symptom prevalence 
than males.48 In a systematic review examining depression prevalence in university 
students, the prevalence ranged from 10-84.5% with a weighted prevalence of 30.6%.49  
This systematic included 24 studies of college students, 23 studies that used 8 different 
self-report depressive symptom scales, and one that used a diagnostic interview. In the 
study that used a diagnostic interview, the prevalence rate was 10.3% among medical 
students.49  
Reporting and comparing prevalence rates for depressive symptoms in student-
athletes and the general population is confounded by instrument differences to assess 
mental health symptoms and disorders, and the variation for how studies found prevalence 
rates. There is a distinct difference when using self-reported symptom instruments or 
physician diagnosed disorders for actual prevalence rates. Specifically, in the student-
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athlete population, the prevalence of depressive symptoms is found primarily using self-
report instruments.  
The prevalence rates for PDD and premenstrual dysphoric disorder symptoms in 
student-athletes are largely unknown, and therefore, prevalence rates will not be provided. 
MDD is the most commonly assessed depressive disorder in the student-athlete population. 
The prevalence rates of depressive symptoms found in previous research are found using 
self-report instruments rather than with a diagnostic interview or physician diagnosis. The 
prevalence of depressive symptoms in student-athletes ranges from 15.6%50 to 30.1%51 
using the BDI and CES-D. Overall, depressive symptom rates are often higher in female 
student-athletes,3,23,51 who are more likely to report depressive students.52 Regarding 
academic status, undergraduate freshman and underclassmen have been found to report 
higher rates of depressive symptoms compared to older student-athletes.23,51 Different 
sports are associated with different depressive symptom prevalence rates. Depressive 
symptoms may be more rampant in individual sports compared with team sports.3 For 
example, track and field athletes had the highest prevalence of depressive symptoms 
compared to lacrosse athletes in a study that examined both team and individual sports.3 In 
summary, only two studies examined depressive symptom prevalence rates by academic 
status,23,25 two by sport type,3,23 and three examined depression and injury risk.23-25 More 
research examining prevalence rates across various academic statuses, sports, and gender 







The DSM-5 characterizes anxiety disorders as disorders that include excessive fear 
and anxiety and behavioral disturbances. Fear is an emotional response to a real or 
perceived threat that can cause excessive fear or anxiety about a situation, whereas the 
definition of anxiety is the anticipation about a future event or threat.14 Anxiety is further 
distinguished by state or trait anxiety. State anxiety is an individual’s response to danger 
or threatening demands, whereas trait anxiety reflects the stable differences in an 
individual’s response to the anticipation of threatening situations.53  The anxiety disorders 
can be differentiated from one another with the type of situation, object, or circumstance 
that elicit anxiety, fear, or avoidance behaviors.  Anxiety disorders included in the DSM-5 
include separation anxiety disorder, selective mutism, specific phobia (SP), social anxiety 
disorder (SAD), panic disorder (PD), agoraphobia, and generalized anxiety disorder 
(GAD). Within this literature review, the clinical features of separation anxiety disorder 
and selective mutism are discussed, but not included in the rest of the review due to their 
presence in childhood.  
Separation Anxiety Disorder 
 Separation anxiety disorder is defined as an individual's excessive fear or anxiety 
with separation from those to whom the individual is attached. Developmentally, the 
anxiety exceeds what is normally expected.  With any separation or anticipation of 
separation, there is a persistent fear or anxiety about the harm that could lead to loss or 
separation from attachment figures. The symptoms of separation anxiety disorder often 
develop in childhood and to be considered for diagnosis the fear and anxiety must last for 
a period of 4 weeks, and typically last 6 months or longer in adults. Additionally, there 
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must be significant distress or impairment in social, academic, or other important areas of 
functioning.14  
Selective Mutism  
Selective mutism is characterized as a failure to speak in social situations where it 
is normally expected; however, the individual speaks in other situations.54 With an inability 
to speak, there is significant interference with achievement in academic settings and normal 
social communication skills. Selective mutism is not due to a lack of knowledge, comfort, 
or specific language required for the social situation. Furthermore, selective mutism cannot 
be better explained by a communication disorder, and cannot occur during autism spectrum 
disorder, schizophrenia, or another psychotic disorder.14  
Specific Phobia  
A Specific Phobia is characterized as an excessive fear or worry that occurs with 
exposure to one object or situation. The response is typically out of proportion to a normal 
response or the actual danger posed. Specific objects or situations that are normally feared 
are animals, heights, enclosed spaces, blood, needles or injuries.54 To be considered for 
diagnosis an individual actively avoids the object or situation or endures with intense fear 
and anxiety. There is often significant distress and impairment in personal, social, 
educational, and occupational settings. The signs and symptoms persistently occur over 
several months with a 6-month minimum.14,54  
Social Anxiety Disorder  
Social Anxiety Disorder is characterized as an individual’s abnormal response in 
an array of social situations including but not limited to: carrying on a conversation, eating 
in front of others, and public speaking.55 The social interaction will almost always illicit 
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fear or anxiety, which is out of proportion to the actual threat posed. Individuals may fear 
he/she will act in a way that shows anxiety symptoms and will be negatively evaluated. 
Social Anxiety Disorder typically causes significant impairment in social, interpersonal, 
and professional settings, and the avoidance behaviors are associated with distress, 
impaired relationships, and decreased academic performance.55,56 The core features of 
SAD include persistent social avoidance and social isolation lasting 6 months or more.14  
Panic Disorder 
Panic Disorder is defined as recurrent, abrupt, unexpected transient episodes of 
fear, and physical symptoms. At least 1 panic attack must be followed by at least 1 month 
of persistent concern for having more attacks worry about panic attack consequences or 
avoidance behaviors.54,57 Panic Disorder must not be from medication side effects, 
substance abuse, or other medical conditions and must not be better explained by another 
disorder.14 For example, an individual having a panic attack during a social encounter 
where social anxiety disorder would be a better explanation. Common signs and symptoms 
that accompany PD include: palpitations, pounding heart or accelerated heart rate, 
sweating, trembling or shaking, sensations of shortness of breath or smothering, feeling of 
choking, chest pain or discomfort, nausea or abdominal distress, feeling dizzy, lightheaded 
or faint, chills or heat sensations, paresthesia, fear of losing control or the fear of dying.57  
Agoraphobia   
Agoraphobia is defined as marked fear or anxiety of public spaces, where an escape 
might be difficult, or help might not be readily available. These specific situations include 
use of public transportation, being in open spaces, being in enclosed places, standing in 
line or being in a crowd, and being outside of the home alone.14,54,57  The individual is 
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continuously anxious or fearful about these sensations, and the actual or perceived fear of 
public spaces are out of proportion to the normal response. These situations are typically 
actively avoided or endured with significant anxiety and fear. In avoiding specific 
situations, avoidance behaviors are associated with significant distress in social, work, or 
other important areas of functioning. Usually, the symptoms of Agoraphobia are persistent 
for an extended amount of time and can last over 6 months.14,54,57  
Generalized Anxiety Disorder  
Generalized Anxiety Disorder is characterized by a chronic, persistent worry that 
is not restricted to any particular circumstance, situation, or exposure.54,58 An essential, 
main feature of GAD is excessive worry that is difficult to control and may impair function 
in various environments (e.g., school, work). 42 To be considered for diagnosis, symptoms 
must persist for a minimum of 6 months more days than not, 42 and cannot be due to another 
medical condition or be from a substance or medication.54  Common symptoms that 
accompany GAD include: muscle tension, sympathetic overactivity (nausea, 
gastrointestinal distress), nervousness, irritability, difficulty concentrating and sleep 
disturbances.54 Symptoms must be severe enough to cause significant distress about 
experiencing persistent anxiety symptoms or result in significant impairment in important 
areas of functioning (e.g., family, social, personal, educational, occupational).  
Measurement of Anxiety Disorders 
 To assist in the assessment, semi-structured and structured interviews and self-
report measures can be used in addition to the DSM-5 guidelines, and clinical judgment. 
Commonly in research, semi-structured and structured interviews, and self-report measures 
are used to provide an estimate on prevalence of symptoms for the desired sample. 
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Research on anxious symptomology prevalence in college students typically include the 
following self-report measures: Generalized Anxiety Disorder-7 (GAD-7),59 Beck Anxiety 
Inventory (BAI),60 DASS,18 State-Trait Anxiety Inventory (STAI),53 and the Zung Self-
Rating Anxiety Scale.61 The number of items for the self-report measures ranges from 7 to 
42. The DASS includes three subscales of 7 items each, where anxiety has been assessed 
within the 7 items. Self-report measures are often used for screening of symptoms and may 
indicate when an individual is experiencing symptoms that place them at risk. 
Measurement of Anxious Symptoms in Student-Athlete Research  
 Instruments used to examine anxiety in research include the BAI, Sport Anxiety 
Scale, Cognitive Appraisal Scale in Sport Competition- Threat Perception, COPE 
Inventory, Brief COPE Inventory, Competitive State Anxiety Inventory, Sport 
Competition Anxiety Test and STAI.62  Most commonly the BAI and STAI have been used 
in the collegiate student-athlete population.23,24,63 The BAI is a validated 21-item 
instrument that measures the severity of self-reported anxiety symptoms. A higher score 
indicates greater severity of anxiety symptoms being experienced. The STAI is a validated 
screening instrument that assesses state and trait anxiety. There are 20 items to assess trait 
anxiety and 20 items for state anxiety. Reliability for this instrument ranges from .65 to 
.75,53 with test-retest reliability ranging from .69 to .89.64 
Etiology of Anxiety Disorders 
The etiology of anxiety disorders can be assessed in four areas: biological, 
psychological, social, and sociocultural. The biological dimension focuses on 
physiological responses and the influence on genetics. The fear circuitry in the brain and 
its effect on genetics is an important feature of the etiology of anxiety disorders. The 
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amygdala is the key structure for forming and storing memories associated with emotional 
events. When a possible threat is encountered, the stimulus activates the amygdala, further 
triggering the HPA axis to prepare for “fight or flight” reaction. The reaction associated 
with these triggers may overpower rational thinking, and the survival reactions take over.30 
Once the HPA axis is engaged, it requires higher-level processing to stop the response. In 
anxiety disorders, this response is heightened and is harder to "turn off." Heightened 
responses can cause a higher frequency of anxiety symptoms. The role of genetics in 
developing anxiety disorders is largely determined on interaction with environmental 
influences.30 It is suggested that the same short serotonin allele (5- HTTLPR) involved 
with depression is also a factor in anxiety. The actual expression of the allele depends on 
the interaction with the environment.30 A decreased level of serotonin increases fears and 
anxiety-related behaviors.   
The psychological dimension of anxiety largely focuses on the individual’s 
psychological characteristics and its association with genetic or environmental 
predispositions.30 Individuals that practice negative appraisal are at a higher risk for 
developing an anxiety disorder. A negative appraisal is defined as interpreting events as 
threatening. There is a lower threshold for uncertainty, and therefore, a lack of sense of 
control may play a factor in development. 
 Social and socio-cultural dimensions can be combined with anxiety disorders. The 
common daily environmental stressors include: financial stress, living in poverty or unsafe 
environments, traumatic events, school shootings or natural disasters, and adverse working 
conditions.30 While both genders are at risk for experiencing the common daily stressors, 
females are at a higher risk to develop anxiety. It is thought that a lack of power, status, 
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poverty, stressors, and lack of respect can affect emotional responses. Culture also plays 
an important role in anxiety disorders.14,30 Those individuals who are exposed to 
discrimination and prejudice can be at risk for anxiety disorders. Furthermore, culture can 
influence how anxiety is expressed. In Western cultures, anxiety is known as the fear of 
embarrassing oneself, whereas, in Asian cultures, it is a worry of being offensive to 
others.30 In summary, the etiology of anxiety disorders may be cumulative and include 
various components from each dimension. It is vital to recognize the different components 
and understand how each dimension may impact an individual for prevention and 
intervention purposes.  
Anxiety Disorder Risk factors   
 Development of anxiety disorders can be due to many risk factors. Established risk 
factors in the general adult population for anxiety disorder onset include age, female 
gender,58,65,66 limited economic resources,58,66 ethnicity,66,67 marital status, smoking and 
alcohol problems,58,66 stressful life events in childhood or adulthood, 58,65, 66 traumatic 
experiences,67 history of parental mental disorders, mental health disorders in the affected 
individual,66 low self-esteem.67  Similarly in the college student population, Cheng et al.,68 
has identified risk factors for anxiety disorders in addition to those for the adult population 
to be academic anxiety, low social support, internet addiction, suicidal ideation, and poor 
sleep quality. While there are many established risk factors for anxiety disorders, the risk 
factors listed are not specific to one mental health disorder, rather numerous. 
 In addition to the generic risk factors for anxiety disorders, student-athletes may 
also experience more risk factors in sport. The research on anxiety risk factors in collegiate 
student-athletes is limited. A current focus of research is using anxiety as a risk factor for 
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injury or performance failure.24 In a cohort study of NCAA Division I athletes, preseason 
anxiety was measured at enrollment and injuries were followed through the season. Results 
indicated that athletes who reported preseason anxiety had a significantly higher injury rate 
than those without anxiety symptoms.24 Preventative screening, early identification of 
anxiety symptoms, and intervention in student-athletes may help reduce injury rates and 
reduce the risk for other mental health disorders to develop. Another focus in the research 
is examining anxiety in the context of performance. The systematic review by Rice et al.,69 
identified four studies that focused on anxiety symptoms and performance outcomes. 
Overall, an athlete's focus on performance increased anxiety and was found to be related 
to negative patterns of perfectionism.69 Although the research is limited to the risk factors 
of anxiety in student-athletes, it is suggested that performance and injury can be related to 
anxious symptoms. The risk factors of anxiety should be examined further to assist in the 
development of prevention programs. Early identification through screening programs can 
be beneficial in reducing injury rate and psychological distress and may facilitate better 
performance. 
 In addition to performance and injury as a risk factor for anxiety, there are also risk 
factors associated with being a student-athlete and adjusting to campus life. Hwang and 
Choi70 examined pre-existing NCAA data from 2010 to explore relationships among 
demographics, personal characteristics, and social characteristics. Results showed 
academic anxiety, physical well-being, and social contexts to be significant factors of stress 
for student-athletes. Academic anxiety was the most important factor for perceived stress.70 
Just as there are generic risk factors for anxiety disorders in the general population, the risk 
factors for student-athletes are general and non-specific to student-athletes. Identification 
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of risk factors for student-athletes would not only benefit the development of prevention 
programs but would also inform those working with student-athletes of what to monitor. 
Prevalence of Anxiety Disorders   
A National Comorbidity Survey Replication in 2001-2003 reported an estimated 
prevalence of Specific Phobia, SAD, PD, Agoraphobia, and GAD. These prevalence rates 
were based on diagnostic interview criteria through a national survey conducted between 
February 2001 and April 2003, with a response rate of 79%.71  The estimated prevalence 
of US adults in the past year for specific phobia is 10.1%, with higher rates for females 
(12.2%) than for males (5.8%). Regarding SAD, the estimated prevalence of US adults in 
the past year is 8.0% with higher rates found for females (8.0%) than for males (6.1%). 
The 12-month prevalence rates are much lower for PD, Agoraphobia, and GAD, and 
consistently higher in females than males. Specifically, the total prevalence for PD in US 
adults is 2.7%, 3.8% in females and 1.6% in males. Agoraphobia has the lowest 12-month 
prevalence of the anxiety disorders with 1.7%.71 Lastly, the 12-month prevalence of GAD 
in US adults in the past year is 2.9%, with females at 3.4% and males at 1.9%.   
The overall prevalence for the various anxiety disorders in student-athletes is 
largely unknown. Previous literature has minimally studied SAD and PD in student-
athletes, with the prevalence rate at 14.7% and 4.5% respectively in a sample of Australian 
athletes aged 18-25.72 GAD has also been minimally studied in the student-athlete 
population. The prevalence rates for GAD in a student-athlete population ranged from 
6.0%73, with a confirmed clinician diagnosis of 28.8%24 using self-report measures. 
Consistent with the general population, females report higher symptom ratings than males. 
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The prevalence rates for a specific phobia and agoraphobia are unknown in a student-
athlete population.35   
Overall, much of student-athlete research focuses on the prevalence of anxiety 
symptoms. Specifically using the STAI, Yang, et al.,74 indicated 1 in 3 student-athletes 
presented with anxious symptoms at enrollment of the study and reported lower scores than 
the general population for anxiety. While this study did not demonstrate a higher 
prevalence in anxiety symptoms when compared to the general population, it does illustrate 
approximately 33% of the student-athletes presented with anxious symptoms. 
Additionally, another study estimated 21.7% student-athletes reporting symptoms of 
anxiety and of those, 49% reported symptoms before the season began. Males reporting 
preseason anxiety were 3 times more likely to become injured compared to those without 
preseason anxiety, and females were two times more likely.24 It is apparent that symptoms 
of anxiety are a possible predictor of injuries throughout a season in those reporting anxious 
symptoms. With appropriate recognition and identification of anxiety symptoms in 
student-athletes, it is possible interventions can work to decrease symptoms over time.  
Suicide 
Suicide is defined as a death caused by self-directed injurious behavior with intent 
to die as a result.75 Mental health disorders are major risk factors for suicide. Suicidal 
behaviors are defined as suicidal ideation, suicidal plan, and suicidal attempt. Suicidal 
ideation is the action of thinking about, considering, or planning suicide. Suicidal plan 
refers to the formation of a specific plan to end one's life, and suicide attempt relates to 
engagement in suicidal behaviors with an intent to die.75 Suicidal behavior and ideation 
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begin with an individual's initial suicidal thoughts. Individuals will develop a plan, and a 
smaller number of individuals attempt suicide.  
According to the Centers for Disease Control and Prevention Leading Causes Death 
Reports, suicide was the tenth leading cause of death in the United States and second 
leading cause of death among individuals aged 10-34.76,77  Furthermore, data from the 2016 
National Survey on Drug Use and Health76 states 4.0% of adults 18 and older had suicidal 
thoughts, with 8.8% of individuals aged 18-25 presenting with the highest percentage of 
adults having severe thoughts of suicide. Nine point eight million adults aged 18 or older 
reported having serious thoughts of killing themselves, and 1.3 million adults attempted 
suicide during the past year, with 1.0 million reported making suicide plans.76 Although 
females are at a higher risk for most mental health disorders (i.e., depression, anxiety), 
males are at a higher risk of completing suicide.76 Females are more likely to attempt 
suicide; however, males are more likely to succeed. The rates of suicide for race and ethnic 
groups in 2016 were highest for males (32.8 per 100,000) and females (10.2 per 100,000) 
in the American Indian/Alaska Native group, followed by males (26.5 per 100,000) and 
females (7.9 per 100,000) in white/non-Hispanic group.76 
Measurement of Suicide and Suicidal Ideation 
The screening instruments used for suicide vary and are inconsistently used across 
the research. The most common method used in research to determine suicidal tendencies 
stems from the National College Health Assessment (NCHA) survey. The NCHA is a 
nationally recognized survey that provides data on the health habits, perceptions, and 
behaviors of college students.78 In the NCHA survey, a mental health question asks if the 
individual has ever seriously considered suicide or attempted suicide in addition to 
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numerous other questions. Possible responses include: No never, no not in the last 12 
months, yes in the last two weeks, yes in the last 30 days, and yes in the last 12 months.  
This question can be easily adapted into current PPE screenings, and any response 
indicative of suicidal tendencies would initiate a conversation with a mental health 
professional.  
Currently, the NCAA does not provide or recommend screenings for suicidal 
ideation for student-athletes; however, it does provide screenings for depression, anxiety, 
insomnia, drug, and alcohol use. Screenings of suicidal risk factors and mental health 
disorders like depression, anxiety, and substance abuse can help identify individuals who 
may need additional mental health care. Athletic trainers and any other medical 
professionals handling the screening of student-athletes need to be aware of the risk factors 
of suicide and be confident in making a referral.  
Suicide Risk factors  
The literature identifies numerous risk factors for suicide that coincide with both 
depressive and anxiety disorders. One of the most well-known risk factors for suicide is 
MDD.14,30,79,80 Depressive signs and symptoms of hopelessness, guilt, sadness, fatigue, 
insomnia, or excessive sleep can all affect suicidal ideation. The symptoms of 
hopelessness, fatigue, and insomnia have been studied extensively in the college student 
population and are associated with suicidal ideation.79-81 In a recent publication, suicide 
risk factors were identified to predict suicidal ideation in college students.79 Depression, 
current suicidal ideation, social phobia, alcohol problems, low self-esteem, and the number 
of close relationships were identified as risk factors for suicidal ideation in college 
students.79 Specifically, as depressive symptoms, sleep problems, age, and the number of 
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alcohol problems increased, a positive correlation with suicidal behaviors was noted.80,81  
Supporting literature also states that sleep disturbances,82 fatigue,80 hopelessness,81 alcohol 
problems,79,81 gender-sex- orientation,75 and low levels of social support81 are risk factors 
for suicide. Sleep problems are more common in college-aged individuals and can be 
linked to suicide.82 Using a large sample of college-aged students (n=1700), poor sleep was 
associated with increased suicidal behaviors with and without controlling for depression. 
Furthermore, short sleep duration, frequent nightmares, feeling too cold while sleeping, 
and increased sleep medication used is also associated with increased suicidal behaviors.  
Anxiety disorders are also risk factors for suicide. A recent systematic review 
indicated anxiety and anxiety disorders are statistically significant for suicidal ideation and 
attempts, but not deaths. The relationships between anxiety, anxiety disorders, and suicide 
were all weak, and provided small odds ratios to support as a risk factor.83  While anxiety 
symptoms and disorders can be debilitating, the link between anxiety disorders and suicide 
is weak. Anxiety symptoms and disorders alone may not be a strong risk factor for suicide, 
but a combination of risk factors may increase the risk of suicide.   
Mental health disorders cause psychological distress and dysfunction in everyday 
life. While the impacts of mental health disorders are individualized, there is a risk for the 
inability to continue through life. The rates of suicide in undergraduate college student-
athletes is relatively low compared to other undergraduate college students.84 It has been 
suggested that sport is associated with higher social support and increased self-esteem with 
achieving success.85 Despite potential protective factors, student-athletes are at a higher 
risk for suicide with anabolic steroid use, physical illness or injuries, drug abuse, and 
alcoholism, previous or current psychiatric problems, childhood trauma, bullying and 
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sexual abuse, agitation, impulsivity, interpersonal conflict, anxiety, sleep disturbance, 
aggression, hopelessness, prior suicide attempts and retirement from sport.35,84-87 It is well-
known that depression is a significant risk factor for suicide; however, there is a need for 
more investigation into suicide in student-athletes. 
In the general population, the prevalence of mental health disorders is 
characteristically higher in females; yet, males have a higher prevalence in completing 
suicide. This is largely because the mode of taking one's life, where men use more lethal 
methods (e.g., gunshot) and women tend to use an attempt as a cry for help. Understanding 
the association of depression, anxiety, and suicide in student-athletes is imperative for 
prevention programs and interventions. 
Prevalence of Suicide and Suicidal Ideation 
According to the Centers for Disease Control and Prevention Leading Causes Death 
Reports suicide was the tenth leading cause of death in the United States and second leading 
cause of death among individuals aged 10-34.76,77  Furthermore, data from the 2016 
National Survey on Drug Use and Health76 states 4.0% of adults 18 and older had suicidal 
thoughts, with 8.8% of individuals aged 18-25 presenting with the highest percentage of 
adults having severe thoughts of suicide. Nine point eight million adults aged 18 or older 
reported having serious thoughts of killing themselves, and 1.3 million adults attempted 
suicide during the past year, with 1.0 million reported making suicide plans.76 Although 
females are at a higher risk for most mental health disorders (i.e., depression, anxiety), 
males are at a higher risk of completing suicide.76 Females are more likely to attempt 
suicide; however, males are more likely to use more lethal methods. The rates of suicide 
for race and ethnic groups in 2016 were highest for males (32.8 per 100,000) and females 
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(10.2 per 100,000) in the American Indian/Alaska Native group, followed by males (26.5 
per 100,000) and females (7.9 per 100,000) in white/non-Hispanic group.76 
Research in suicide prevalence in collegiate student-athletes is limited due to the 
nature of suicide. Research in suicide prevalence relies on the retrospective review of 
student-athlete deaths and examination of suicidal ideation. Rao et al.,84 recently performed 
a retrospective review of student-athlete deaths from the years 2003-2012 to determine the 
rate of suicide in NCAA Divisions I, II, and III. Results indicated that the overall mortality 
rate was 12.6/100,000 student-athletes per year, with 35 confirmed cases of suicide and six 
suspected. Suicide made up 7.3% of all-cause mortality with a rate of 0.93/100,000 student-
athletes per year. Males made up 82.9% (29/35) of suicide cases with football athletes 
representing the highest number of cases in sport.84 This retrospective review not only 
provides the suicide rate in collegiate-student athletes but also provides football as a 
common sport these individuals participated in. Further investigation in why football is 
more common over the other sports may provide insight on the mental health disorders 
present in a male dominant sport.  
 In another retrospective study, authors examined participation in sport and suicidal 
behavior from the 1995 National College Health Risk Behavior Survey. A total of 10% 
percent of students reported prior suicidal ideation, and 1.5% reported a prior attempt.88 
Furthermore, 10.6% of those not participating in sport reported seriously considering 
suicide and 6.9% of those participating in one or more sports reported seriously considering 
suicide.88 Therefore, the data suggested that those participating in sports were less likely to 
have experienced suicidal ideation and make plans for suicide, but not for suicide 
attempts.88 Collegiate student-athletes have lower rates of suicide than individuals of the 
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college age, and it can be suggested that participation in a sport(s) may be a protective 
factor for depression and suicide.  
Depression and Anxiety Prevention 
The primary goal of prevention programs for mental health disorders is to promote 
mental health in a way to improve wellbeing and prevent adjustment difficulties.89 
Prevention programs can either be universal, indicated, or selective. To be considered as a 
universal prevention program, the intended individuals of reach do not have any pre-
existing mental health problems of interest, whereas in an indicative prevention program 
the interventions are aimed to those showing signs and symptoms of a mental health 
problem (i.e., depression, anxiety). Selective prevention programs are designed to target a 
population determined to be at risk for mental health problems. Within prevention 
programs, common strategies implemented include psychoeducation and skills training 
through Cognitive Behavioral Therapy, relaxation, meditation, and mindfulness. There are 
systematic reviews that identified the types of programs most effective as a prevention 
program and provided suggestions for future research.89,90    
In the higher education setting, universal mental health prevention programs have 
been effective in improving social and emotional skills, enhancing self-perception, 
reducing the distress associated with depression, anxiety, and stress. Skill-orientated 
intervention with supervised practice was more effective than skill-orientated and 
psychoeducational interventions and was more likely to have remaining effects.89,90 Of the 
programs evaluated, mindfulness interventions with supervised skills practice were 
significantly more effective than the other intervention strategies (e.g., psychoeducation, 
cognitive behavioral, relaxation, mindfulness, and meditation.89  When examining mental 
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health specific outcomes (e.g., improve self-esteem, reduce general distress) the order of 
effectiveness was relaxation, cognitive-behavioral, mindfulness, meditation, and 
psychoeducation.90 Overall psychoeducational programs had been found to be less 
effective than face to face or group skill oriented interventions when the intent is to improve 
mental health promotion and overall well-being. To continue to improve mental health and 
wellbeing in college students, programs are encouraged to include skills practice, where 
individuals can become comfortable using those skills to handle stressful situations.  
 Mental health prevention programs in college students have been conducted with 
various modes of delivery. These modes include individual or group settings either face to 
face (FTF) or more recently with forms of technology. FTF interventions have been 
deemed effective in prevention programs; however, the reach of these programs can be 
limited. Technology-based interventions have been increasing in popularity and have been 
thought to be as effective in administering preventative mental health programs for various 
populations as FTF interventions. Specifically, in the college student population, 
technology-based programs have been effective in reducing symptoms for depression, 
anxiety, and stress.91 Technology-based intervention programs can be self-administered 
and completed at the participant's own pace. In terms of reaching more participants and 
being more cost-effective, technology-based programs have the potential to be as effective 
as FTF prevention programs. 
  Technology-based prevention programs have the potential to be effective in 
promoting mental health and wellness in collegiate student-athletes. Collegiate student-
athletes have limited free time outside of their sport's routine, academics, and social lives. 
Additionally, there is a stigma associated with seeking help for mental health concerns. 
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Technology-based prevention programs not only allow the collegiate student-athletes to 
participate privately but also allow student-athletes to participate at their leisure. 
Technology-based programs have the potential to reach more student-athletes but also can 
help reduce general distress, depressive, and anxious symptoms. However, there is limited 
research on technology-based prevention programs and whether it is an effective means for 
collegiate student-athletes to use.  
Currently, per a systematic review on interventions to increase mental health and 
wellbeing in athletes in 2017, only 2 interventions were conducted using a form of 
technology.5 The interventions used were web-based mental health literacy programs for 
either 1 session for approximately 10 minutes92 for 5 weeks93 with the goal to improve 
mental health literacy in athletes. Currently, there are no prevention programs specifically 
designed to improve mental health and wellness outcomes in student-athletes and reduce 
stress, depressive or anxious symptoms or improve the overall quality of life. Technology-
based programs have the potential to be a confidential, time-efficient, and effective means 
for prevention programs for student-athletes.  
Depression and Anxiety Treatment Options 
There are various modes of treatment available for depressive and anxiety 
disorders. The usual course of treatment includes medication, psychotherapy, or a 
combination of the two.30 In terms of medicine, common types of medications used to treat 
depressive and anxiety disorders in both in general population and college students include 
Antidepressants (e.g., Fluoxetine, Paroxetine, Bupropion), Anti-Anxiety medications or 
Benzodiazepines (e.g., Clonazepam), Antipsychotics (e.g., Chlorpromazine, Risperidone) 
and Mood Stabilizers (e.g., Lithium).94,95 In addition to unknown performance effects and 
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safety concerns, some medications can cause adverse side effects, including fatigue, 
tremors, and weight gain.87,94,95 Limited research is available on medications in student-
athletes, further indicating a concern for prescribing. 
Treatments using medications are often paired with psychotherapy. Depressive and 
anxiety disorders can be treated using psychotherapy. Cognitive behavioral therapy, 
exposure therapy, and mindfulness training treatments are commonly found in psychology 
research. Cognitive behavioral therapy is an active, time-sensitive and strategic 
intervention that focuses on the cognitive restructuring of maladaptive thoughts; whereas 
exposure therapy is defined as regular contact with a feared stimulus or situation to 
facilitate the reduction in the fear response. Mindfulness training is defined as awareness 
from paying attention to the present moment in a purposeful non-judgmental manner. Each 
of these psychotherapies has been well established in the college student population as an 
effective treatment for reducing depressive and anxious symptoms.89,90  
Student-athletes have been suggested to be good candidates for Cognitive 
Behavioral Therapy because of the structure, direction, practice, goal-setting, and self-
reliance associated with the foundation of the treatment.87 However, Cognitive Behavioral 
Therapy has not been explored in student-athletes. For anxiety, exposure therapy has been 
used as a critical strategy for reducing anxiety. More research is needed in the application 
of these psychological treatments in student-athletes,96 however, a case study was 
published to discuss potential exposure treatments in athletes with performance anxiety.97 
Exposure treatment for this athlete helped develop new behaviors and decreased anxiety 
pre-and post-competitions. Gustafsson and colleagues97 provided a case in which exposure 
helped an athlete with anxiety and provided a framework for future research in Cognitive 
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Behavioral Therapy and exposure therapy for athletes. Case studies can solely provide a 
potential framework of what was successful, but there are no statistics to demonstrate the 
effectiveness and therefore need to be used with extreme caution.  
Mindfulness training has been minimally examined in student-athletes in 
combination with a yoga program. Authors conducted an intervention with NCAA 
Division I student-athletes to explore utility, feasibility, and efficacy of a mindfulness 
intervention for student-athletes. This 56-week program was administered to males on one 
varsity sport. There were 8, 90-minute sessions of mindfulness-based sessions and 60-
minute yoga sessions. The results indicated less perceived stress and greater mindfulness. 
Authors suggest the results offer preliminary support for brief psychological interventions 
with mind-body exercises for student-athletes.98 These preliminary studies on exposure 
therapy and mindfulness training in student-athletes demonstrate a reduction in depressive 
and anxious symptoms and overall improved wellness. Due to limited research in this area, 
the potential for stress reduction and improvement in overall wellbeing is unknown in the 
student-athlete population. However, it seems the psychotherapy options of exposure 
therapy and mindfulness-based training have the potential to be beneficial for student-
athletes to practice when experiencing high levels of stress or anxiety about school, their 
sport, or everyday life.  
Depression and Anxiety Interventions  
 Intervention programs are designed to improve mental health outcomes in 
participants experiencing symptoms or those who have been diagnosed with a mental 
health disorder. Specifically, in the college student population, research has focused on 
improving mental health outcomes in those experiencing symptoms. Mental health 
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interventions can be carried out through individual or group FTF sessions, technology-
based sessions, or in a combination format. The intervention types cognitive-behavioral, 
mindfulness, meditation, and psychoeducation have been used to improve symptoms of 
depression, stress, anxiety, the quality of sleep, and any psychological distress.99,100 In a 
systematic review, it was noted that all interventions examined, demonstrated effectiveness 
over control groups in reducing symptoms of all mental health outcomes, including 
depression and anxious symptoms.99 All interventions also demonstrated effects that lasted 
up to 12 months after the intervention and the FTF group sessions provided the best 
outcomes.99  Designing an intervention with face to face sessions seems to be appropriate 
for longer lasting effects.  
Technology-based interventions for mental health outcomes have also been 
conducted and evaluated for the college student population. Technology-based 
interventions can be cost-effective, reach more students, and provide participants with an 
effective intervention at their own pace. Earlier research indicated internet-delivered 
treatments for individuals diagnosed with mood and anxiety disorders would be effective 
in addition to existing services, and that more research was needed to conclude inferiority, 
the long-term effects, adverse effects, and efficacy when administered alone.101 More 
recently, in individuals diagnosed with a depressive disorder, internet, and mobile 
interventions were more effective compared to attentive and waitlist controls with a 
significant decrease in depression severity.102 Technology-based interventions seem to be 
effective in reducing depressive and anxious symptoms in individuals with a diagnosed 
condition. It is suggested that technology-based interventions would also be effective in 
college students experiencing symptoms of depression and anxiety. 
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Many technology-based interventions have been conducted to improve mental 
health outcomes (e.g., depressive and anxious symptoms, sleep quality)103-107 and promote 
healthy transition in college.108  The interventions were administered via electronic mail, 
text messaging, online websites, or mobile applications. The effects of the technology-
based interventions demonstrated improvements in depressive and anxious symptoms, 
increased sleep quality, decreased perceived stress, and higher levels of life satisfaction. 
Programs were designed to last 6 to 8 weeks, with one program lasting only 10 days. 
Technology-based interventions have shown efficacy in improving mental health outcomes 
for college students. The most efficient mode of deliverance has not yet been established; 
however, an intervention conducted with the use of a mobile application has shown to be 
effective in 10 days of use. The authors Flett, Hayne, Riordan, and Connor,106  examined 
the use of 2 smart-phone based mindfulness meditation apps to improve mental health 
outcomes. The intervention was designed to last 10 days, where participants would engage 
in the designated app for 10 minutes a day. Using brief, mobile mindfulness practice has 
shown improvements in depressive symptoms, college adjustment and resilience.106 
Technology-based interventions have  the possibility to be extended to student-athletes 
with its ease, limited time commitment, and mental health outcome effects. However, this 
has not been investigated in this population.  
Currently, student-athlete interventions for mental health are primarily 
psychoeducational with a focus on increasing mental health awareness and well-being in 
student-athletes.5 With an increase in mental health research and an increasing prevalence 
rate of depressive and anxious symptoms in collegiate student-athletes, the NCAA is 
encouraging mental health and wellness programs in athletic institutions. Furthermore, 
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researchers have indicated a need for prevention programs and interventions for student-
athletes to reduce depressive and anxious symptoms.  
Recently, Goodman and authors98 aimed to reduce stress, depression, and anxiety 
symptoms using a mindfulness and yoga pilot intervention in student-athletes. The 
intervention was designed to be a 5-week program with 8, 90-minute sessions followed by 
60-minute yoga sessions. As a result, the program demonstrated lower levels of perceived 
stress, higher tolerance of negative experiences, and higher levels of mindfulness indicating 
a mindfulness-based intervention might be feasible for student-athletes. Due to limitations 
with this study, it is unknown whether this program would translate to student-athletes of 
individualized sports and would be time efficient for student-athletes in general. While 
mindfulness-based programs have the potential to be an effective intervention for student-
athletes, more research is needed to determine its effectiveness. 
Depression and Anxiety Return to Play 
 Mental health disorders have been found to slow the return to play process in 
student-athletes. Anxiety has been extensively examined with the concept of the fear of 
returning to sport after an injury demonstrating implications for rehabilitation of athletic 
injuries. In a clinical review of the fear of re-injury in athletes, it was suggested clinicians 
should use self-report measures to help determine the readiness for return to play. Also, 
psychological interventions (e.g., exposure therapy, imagery) could be intertwined into the 
rehabilitation process to facilitate a successful return to play.109 To date, research has not 
examined interventions designed to supplement return to play rehabilitation programs, and 
it is unknown how mental health intervention programs will benefit student-athletes and 
their recovery and return to play.  
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Furthermore, there are differences in the patterns of psychological disturbances 
after orthopedic and concussive injuries. Guo et al.,110 examined both depressive and 
anxious symptoms at baseline, injury, and with follow up surveys until return to play. The 
concussion group scored higher on depressive symptoms than the orthopedic injury group 
one month after injury. Both groups reported the same score of depressive symptoms at 
baseline and one week after injury; therefore, demonstrating the difference in patterns of 
psychological differences occurred later. The results of this cohort study indicate that 
psychological disturbances are different between orthopedic and concussive injuries. The 
timeline of anxious and depressive symptoms occurs at different time points in the return 
to play process. There is a need to identify factors that contribute to these differences in 
psychological patterns after injury.  
Injury poses a stressful situation for student-athletes to overcome. As previously 
mentioned, injuries can cause different patterns of psychological response to injury. 
Research encourages clinicians to utilize self-report screening tools to asses for 
psychological disturbances through the rehabilitation process. Additionally, the 
assessments should be performed at various time points in the rehabilitation process to 
account for the fluctuations of symptoms.  Development of a prevention program for all 
student-athletes may help mitigate psychological signs and symptoms after injury. With a 
lack of research in this area, it is unknown how prevention programs for student-athletes 
will help with mental health, performance, and recovery outcomes.  
Psychophysiology and Biofeedback  
Psychophysiology is defined as an interaction of mental, emotional, and 
physiological functions (e.g., muscle function, brain activity, skin temperature, 
 
111 
cardiovascular activity, respiration).111 Physiological functions are measured with various 
biofeedback modalities, for example, muscle contraction and relaxation can be measured 
with Electromyography (EMG); brain activity is measured with Electroencephalography 
(EEG); cardiovascular activity can be measured via heart rate, heart rhythm, and blood 
pressure; and respiration can be assessed by the rate of breathing and the depth of each 
breath.6  With the use of biofeedback modalities, individuals can visualize their 
measurements in real time and gain control of their physiological functions.6 
Through the process of biofeedback, individuals increase awareness of their 
thoughts and emotions.112 The overall goal of biofeedback is to reduce sympathetic arousal 
of the autonomic nervous system. Sympathetic arousal includes heart rate, skin surface 
temperature, and heart-rate variability (HRV). With time and practice, individuals can self-
regulate their thoughts, feelings, and behaviors related to their stressors. Self-regulation is 
a common practice used in conjunction with biofeedback. Self-regulation is defined as a 
process where individuals learn to influence body and mind actively, to decide to engage 
emotionally or mentally and shift into the most needed area.113 Learned self-regulation is 
a skill that individuals learn to recognize and visualize their psychophysiological response 
to emotions and incorporate strategies to control the effects. Through learned self-
regulation, individuals regain control in thoughts and feelings of frustration, anger, anxiety, 
overwhelmed, hopelessness, and depression.114 
Inner Balance 
The HeartMath Institute has extended research on the effect of heart activity on 
brain function by specifically developing HRV biofeedback modalities such as EmWaveÔ 
and Inner BalanceÔ. HRV is the fluctuation in the length of the heartbeat intervals, which 
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changes in response to physiological and environmental stimuli.115  HRV can be assessed 
using an electrocardiogram. HeartMathÔ Institute has validated assessing HRV 
waveforms to detect physiological and emotional responses in the ANS. A healthy HRV 
indicates resilience and behavioral flexibility and the ability to adapt to stress. Low HRV 
indicates possible disease and disorder.7,116 To examine HRV, the EmWaveÔ and Inner 
BalanceÔ technologies allow individuals to see their HRV and coherence in real-time. 
Further, using pulse information, the technologies enable individuals to see heart rate 
continually. The goal of biofeedback and HRV assessment with Inner BalanceÔ is to train 
individuals to recognize their heart rate waveforms and implement training (e.g., Heart-
Focused Breathing TechniqueÔ, Quick Coherence TechniqueÔ, Heart Lock-In 
TechniqueÔ, Coherent Communication TechniqueÔ, Freeze Frame TechniqueÔ, Attitude 
Breathing TechniqueÔ) into their daily life. 
Coherence 
 Increased order and harmony in psychological and physiological processes are 
defined as psychophysiological coherence. A state of psychophysiological coherence is 
also known as the optimal state of function for individuals.7,116 When coherence is achieved 
and activated, the physiological systems function more efficiently, and individuals 
experience mental clarity and improved cognitive function.7,116 Physiological coherence is 
characterized as a heart rhythm of elevated amplitude in low-frequency HRV of around 
0.1Hz, that typically occurs at about 6 breaths per minute. A sine, wave-like pattern in 
HRV demonstrates heart rhythm coherence and a shift in the autonomic nervous system 
toward increased parasympathetic activity. There is increased synchronization of bodily 
symptoms controlled by the heart.  
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Coherence is not a state of relaxation, rather positive emotional state of optimal 
alertness induced via attention to breathing into the heart area and creating a positive 
emotion from the body. During relaxation, there is a reduction in HRV and increased 
parasympathetic activity, whereas coherence includes a natural resonant frequency with 
the heart-brain interaction. There is not a change with HRV in coherence, rather a change 
in the heart rhythm pattern. Within individuals that are stressed, frustrated, or anxious, the 
heart rhythm looks irregular and erratic, whereas those in psychophysiological coherence 
display a smooth, harmonious wave. The Inner Balanceä technology measures and 
quantifies heart rhythm coherence and displays it in real-time.7,116  
HeartMath Self-Regulation Techniques  
 HeartMathÔ self-regulation techniques were designed to enhance psychological, 
physiological and emotional information processing. The techniques are not designed to 
bring up old, ineffective patterns for problem solving, instead individuals may use the 
techniques to learn new patterns and resolve problems more effectively in their daily 
lives.7,116 All techniques begin with a breathing rhythm to help disengage from negative 
thoughts and bring the individual to a more coherent heart pattern. All techniques also 
include an intentional shift to a more positive emotional state. 7,116  
Heart-Focused Breathing Technique 
 Typically, the Heart-Focused Breathing TechniqueÔ (HFB) is the one of the first 
self-regulation skills taught.  Individuals are instructed to neutralize their feelings and 
emotions and take out the “drama” of everyday life, and by doing so taking responsibility 
for their emotions.7,116 By neutralizing their emotions, individuals are able to reduce 
negativity and instead be more effective in considering consequences and options for 
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problem solving. HFB has been used with managing anger, anxiety disorders, acute and 
chronic pain, and post-traumatic distress syndrome (PTSD).7,116 The HFB technique is 
completed through a quick and easy step. Individuals are instructed to focus their attention 
around the heart. Next, to imagine their breath is flowing in and out of their heart or chest 
area, breathing slower and deeper than usual. Using a suggestion of 5 second intervals for 
breathing and focusing on the area around the heart, an individual is able to slowly regulate 
their heart rate and breathing to reduce stress.7,116  
Quick Coherence Technique 
To achieve coherence beyond simple breathing tasks, the HeartMath Institute have 
developed self-regulation techniques. One quick technique commonly used is called the 
Quick Coherence TechniqueÔ (QCT). Learning this skill allows individuals to build self-
regulatory skills, create positive situations, and learn how to respond to a negative 
circumstance.7,116 This technique is completed through 3 easy steps. First, individuals focus 
their attention on the area of the heart. Next, the individual focuses on their breathing, 
inhaling for 5 seconds, and exhaling for 5 seconds, finding a comfortable rhythm. While 
the individual is breathing, an attempt should be made to visualize their breathing on the 
monitor or screen. Third, make a sincere attempt to experience a regenerative feeling, such 
as appreciation or care for someone or something in life. The QCT steps all together take 
less than a minute to complete and are designed to be transferable into stressful life 
situations.7,116  
Coherence Communication Technique 
The Coherence Communication TechniqueÔ (CC) is used to create better 
understanding and connection between listeners and speakers.7,116 CC is effective to learn 
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especially in health care fields, but also in the sport setting. Effective communication 
between teammates, coaches, and medical professionals helps individuals feel heard, be 
more open, and possibly disclose more information. This technique is completed in three 
easy steps: 1) shifting into a heart-coherent state before communicating to share and receive 
information, 2) listen without prejudging or pulling in drama before the communication is 
complete and speak genuinely, and 3) confirm the essence of what you heard to insure 
mutual understanding.7,116 This technique is not directly used to reduce stress and anxiety; 
however, it can be used to help individuals open up and improve their communication to 
negate negative perceptions from conversations with others. 
Heart Lock-In Technique 
 The Heart Lock-In TechniqueÔ (HLI) is an emotional restructuring tool often used 
in conjunction with the QCT. The HLI is designed to refocus emotions from negative to 
positive and building the capacity to sustain the positive emotions for longer amounts of 
time.7,116 Individuals develop stamina, more composure and improve in their decision-
making skills through the shift into coherence. Through practice, the shift into coherence 
becomes readily available for individuals, providing a more effective means to addressing 
anxiety and stressful situations. HLI is useful for changing behaviors, developing 
motivation and energy to bring about a change in their lives. The technique has been used 
for depression, loss, grief or PTSD.7,116  HLI can be completed in three, easy steps. These 
steps include: 1) focusing attention in the area of the heart and imagining their breath 
flowing in and out of the heart area, breathing slower and deeper than normal, 2) activating 
and sustaining a regenerative feeling such as appreciation, care, or compassion, 3) radiate 
the renewing feeling from step 2 to yourself and others. It is suggested to remind the 
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individuals that with any wandering thoughts, to refocus their attention on the area of the 
heart and reconnect with the regenerative feelings. 7,116  
Freeze Frame 
 Another emotional restructuring technique developed by HeartMathä and often 
used in conjunction with other self-regulation skills and biofeedback is the Freeze Frame 
TechniqueÔ (FF). There are 5 steps in the FF Technique. First, individuals are to 
acknowledge the problem or issue and attitudes associated with it. Step 2 is to focus 
attention to the heart, inhaling for five seconds and exhaling for 5 seconds, finding a 
comfortable rhythm. The third is to make a sincere attempt to experience a regenerative 
feeling, such as appreciation or care for someone or something in your life. Fourth, the 
individual is to ask themselves what would be a more efficient or effective attitude, action, 
or solution. Finally, the individual quietly observes any subtle changes in perceptions, 
attitudes, or feelings and commit to sustaining beneficial attitude shifts and acting on new 
insights.7,116  
Attitude Breathing  
 Attitude Breathing TechniqueÔ (AB) is one of the most commonly used techniques 
from HeartMathÔ. The technique combines elements of emotional refocusing and 
restructuring to undercover draining, nonproductive attitudes and replaces them with new 
attitudes.7,116 The AB helps individuals replace draining, negative attitudes with healthier, 
positive attitudes to become more productive and assertive. The first step for the AB 
technique is to have the individual recognize a feeling or attitude that they want to change 
and then identify a replacement attitude. An example of this step would be recognizing a 
feeling of anxious and replacing it with breathing calm. When instructing the AB 
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technique, a list of unwanted feelings or attitudes and the replacement feelings or attitudes 
are provided to the individuals as an example to follow. The next step has the individual 
focusing their attention to their heart and chest area, imagining their breath flowing in and 
out of their heart, breathing slower and deeper than usual. The third step encourages the 
individual to breathe the feeling of the new attitude slowly and casually through the heart 
area.7,116 This technique may take time to replace negative attitudes, but with practice and 
breathing with the new attitude will come easier to the individuals.  
EmWave Research  
 EmWaveÔ technology has been previously used and researched in numerous 
populations, including but not limited to college nursing students,8 college students 9,10 for 
stress and anxiety. In the study with college nursing students, Ratansiripong et al.,8 
conducted a 5-week intervention, with 2 training sessions to instruct participants on the 
device and techniques on slowing breathing and enhancing positive emotions. After 5 
weeks of using the biofeedback device and techniques learned in the 2 sessions, results 
indicated that stress levels remained consistent in the biofeedback group, and anxiety 
decreased.8  
Ratansiripong et al.,9 recruited college students from the university counseling 
center and randomly assigned to a treatment or placebo group. The placebo group received 
four sessions of counseling in four weeks, and the treatment group received four sessions 
of counseling and four sessions of biofeedback training in four weeks. The results of this 
study indicated participants who received both counseling sessions and biofeedback 
training sessions significantly reduced their anxiety symptoms.9 These studies both found 
reductions in stress and anxiety, and further suggests portable biofeedback devices are 
 
118 
beneficial for college students in reducing stress and anxiety. HeartMathÔ technology has 
also been used in a college student-athlete population, but at a lesser extent than the general 
population.  
EmWave Research in Sport  
 Achieving coherence in sport is suggested to maximize focus, concentration, 
physical coordination, and emotional stability. The primary goal of EmWaveÔ research in 
sport has primarily been geared toward enhancing performance and encouraging athletes 
to be in the zone.112 EmWaveÔ research in sport has been conducted with the sports of 
golf,11 volleyball,12 soccer,13 basketball,11 track and field,13 and football. The use of 
EmWaveÔ technology in sport has shown decreased anxiety levels, stress, improved 
recovery and an improvement in sport performance after biofeedback training.11,13  
 Research using EmWave is minimal in student-athletes and has not focused 
primarily on the mental health, performance, and recovery of student-athletes as a focus 
for intervention benefits. Previous research has suggested EmWave technologies and 
interventions can be useful for decreasing symptoms of depression and anxiety, lowering 
perceived stress levels, and increasing sleep quality, recovery, and performance.11,13  To 
date, EmWave research in sport has been conducted primarily through pilot studies, and 
only includes a few sport types (e.g., volleyball, track and field, soccer). 11-13  Future 
research should expand upon these studies and focus on mental health, performance, and 
recovery outcomes through interventions that include current student-athletes and multiple 
sport types.    
Specific Aim 1. Examine and compare changes in psychological variables (e.g., depressive 
symptoms, level of activation, resilience, perceived stress) from pre-intervention to post-
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intervention (4-weeks) for individuals across experimental groups (control and 
intervention). 
Hypothesis 1.1. There will be a reduction in depressive symptoms, levels of 
activation, perceived stress, and an increase in resilience in the intervention group 
when compared to the control group.   
Specific Aim 2. Examine changes in resilience across 4 weeks across experimental groups.  
Hypothesis 2.1. There will be an increase in resilience in the intervention group 
when compared to the control group.  
Specific Aim 3. Examine changes in baseline HRV coherence scores with a 4-week heart 
rhythm biofeedback training program across experimental groups. 
Hypothesis 3.1. Baseline HRV coherence scores improve weekly with the 4-week 
heart rhythm biofeedback training program in the intervention group when 
compared to the control group.  
Specific Aim 4. Examine changes in HRV coherence scores weekly, over a 4-week heart 
rhythm biofeedback training program across all experimental groups.  
Hypothesis 4.1. HRV coherence scores will improve weekly with a 4-week heart 
rhythm biofeedback training program in the intervention group when compared to 
the control group.  
Specific Aim 5. Examine and compare changes in sleep quality from pre-intervention, to 




Hypothesis 5.1. The 4-week heart rhythm biofeedback training program will 
improve sleep quality scores in the intervention group compared to the control 
group.  
Specific Aim 6. Examine differences in daily performance scores for individuals across 
experimental groups (control and intervention).   
Hypothesis 6.1. Individuals in the intervention group will report greater 
performance ratings compared to the control group.  
Specific Aim 7: Compare performance ratings for individuals across experimental groups 
reported by student-athletes and coaches.  
Hypothesis 7.1. The 4-week heart rhythm biofeedback training program will 
improve perceived performance scores for the intervention group when compared 
to the control group for student-athlete perceptions.  
Specific Aim 8: Examine and compare changes in daily perceived recovery status scores 
for individuals across all experimental groups (control and intervention). 
Hypothesis 8.1. The 4-week heart rhythm biofeedback training program will 
improve perceived recovery status scores in the intervention group, compared to 
the control group. 
Methods 
Research Design 
We will utilize an experimental, randomized controlled design to examine the 
effects of a heart rate biofeedback training program on the dependent variables depressive 
symptoms, level of activation, sleep quality, perceived stress, sport performance, perceived 
recovery status, and coherence achievement scores. All participants will be randomized 
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into groups using a random number generator. Independent variables are the groups: 
intervention and control, and time points (pre-intervention and post-intervention).  All 
participants will be pre-screened for inclusion and will then attend an information session 
to become accustomed to the Inner BalanceÔ application and procedures for the study. 
Dependent measures will be taken pre-intervention and post- intervention.  
Participants 
A convenient sample of participants (n = ~50) from local colleges and universities 
will be recruited to complete a 4-week heart rhythm biofeedback training program. To be 
included in the study participants must be current, NCAA or NAIA student-athletes, within 
the ages of 18 and 24. A specific exclusion criterion includes participants that report a 
chronic or acute injury in the health history questionnaire. This study will be approved by 
the Institutional Review Board at the University of South Carolina and participants will 
read and sign an approved Informed Consent Form prior to participation in the study.  
Experimental Conditions 
Control Group: 
 This control group will be composed of randomly selected participants. These 
participants will be free from any current injury during the 4-week intervention. 
Participants will be able to continue with the study if they are injured during the 4-week 
period. Participants in this control group will not receive the 4-week heart rate biofeedback 
intervention but will be asked to complete links from Qualtrics at 2 time points during the 
study (i.e., baseline, post-intervention) and provide perceived recovery status scores before 
practice and perceived performance scores after practice. Additionally, the control group 
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will be asked to wear the heart sensor earpiece for a baseline reading, and readings prior to 
and after team practice sessions.  
Intervention Group:  
This intervention group will be composed of randomly selected participants. These 
participants will be free from any current injury during the 4-week intervention. 
Participants will be able to continue with the study if they are injured during the 4-week 
period. The participants will receive the 4-week heart rate biofeedback intervention and 
will be asked to complete links from Qualtrics at 2 time points during the study (i.e., 
baseline, post-intervention) and provide perceived recovery status scores before practice 
and perceived performance scores after practice. Additionally, the intervention group will 
be asked to practice the self-regulation skills prior to and after team practice sessions for 3 
to 5 minutes. While practicing their self-regulation skills, the participants will be asked to 
wear the heart rate sensor earpiece for a baseline reading, and readings prior to and after 
team practice sessions.  
Randomization:   
If the student-athletes consent to participate, they will be pre-screened to determine 
group eligibility, given a participant number, and will be placed into the experimental 
conditions. Once informed consent forms are turned in the research team will randomly 
place participants into the experimental groups with the use of a random number generator. 






Instruments and Protocols 
Pre-Screening Questionnaire 
Participants will be asked to provide some personal information (e.g., age, current 
and previous mental health status, injury status, sport, season of sport) to determine 
eligibility for the study.  
Background Information Questionnaire 
Personal information (e.g., age, sex, ethnicity, level of education, scholarship 
status) and self-reported anthropometric measurements (e.g., height, weight) will be 
collected from each student-athlete. The information will be used for basic demographics.  
Psychosocial Measurements:  
Center for Epidemiologic Studies Depression Scale Revised (CESD) 
 The Center for Epidemiologic Studies Depression Scale is a self-report measure of 
depressive symptoms. The scale measures 8 different subscales including: sadness, loss of 
interest, appetite, sleep, thinking/concentration, guilt, worthlessness, tired, fatigue, 
movement, suicidal ideation from the past week. Participants select how often during the 
past week they have felt or behaved on a scale of 1= rarely or none of the time to 4= most 
or all of the time. Scores higher than 16 on the CESD indicate a person at risk for 
depression. The internal consistency for the instrument is a= 0.85 to 0.90, with a test-retest 
reliability of a=0.45- 0.70.21 (See Figure B.1) 
Activation-Deactivation Adjective Check List (AD ACL) 
 The Activation-Deactivation Adjective Check List (AD ACL) is a multi-
dimensional test of the arousal states, energetic and tense arousal. The AD ACL consists 
of 20 adjectives of Energy (general activation), Tiredness (deactivation-sleep), Tension 
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(high activation), and Calmness (general deactivation), the four subscales of the arousal 
states of energetic and tense arousal. The AD ACL instructs the individual to use the rating 
scale to describe their feelings at that moment, and to use their first reaction. The rating 
scale has four options to circle/mark. A selection of (vv) or double check means the 
individual definitely feels that mood or feeling at the moment, whereas a selection of (v) or 
single check means the individual slightly feels that mood or feeling at the moment. A 
selection of (?) or question mark means the word does not apply or the individual cannot 
decide if they feel that mood or feeling at the moment. If the individual selects no, that 
individual definitely is not feeling that mood or feeling at the moment. The intention of this 
instrument is for the individual to work through the items quickly and use their first 
reaction. The test-retest reliability for general activation is .89, high activation .93, general 
deactivation .79, and deactivation-sleep .89. (See Figure B.2) 
Athlete Sleep Screening Questionnaire (ASSQ) 
 The Athlete Sleep Screening Questionnaire (ASSQ) is a sleep screening tool that 
was designed to detect sleep disturbances and daytime dysfunction in the athlete 
population. The ASSQ consists of 15 items that assess sleep quantity, sleep quality, 
insomnia and chronotype with a timeframe of “over the recent past.” The sleep difficulty 
score (SDS) from the ASSQ is used to classify athletes into a level of sleep problems (none, 
mild, moderate, severe) based on the responses to 1,3,4,5, and 6. The cut off scores for 
each classification are as follows, none: 0-4, mild 5-7, moderate 8-10, and 11-17 severe. 
The modifiers for the ASSQ are not included in the SDS because they do not occur as 
frequently and are not always applicable. However, recommendations for better sleep 
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quality can be created from the modifiers. The ASSQ has an internal consistency of 0.74, 
and test-retest reliability of 0.86 for the athlete population. (See Figure B.3) 
 College Student Stress Scale (CSSS) 
 The College Student Stress Scale (CSSS) is an instrument designed to screen 
students experiencing distress during the transition to college life. The purpose of the 
instrument is to identify individuals who believe the transition to college is highly stressful. 
Specifically, the College Student Stress scale includes 11 items that are addressed with a 
5-point scale to indicate how frequently they are distressed, anxious, or question their 
ability. The CSSS has good internal consistency and stability with an alpha for the total 
score of 0.87. (See Figure B.4) 
Brief Resilience Scale (BRS) 
 The Brief Resilience Scale (BRS) is an instrument used to specifically assess the 
ability to bounce back from stress. This instrument instructs individuals to indicate the 
extent to which they agree with each of the 6 statements using a scale of 1 = strongly 
disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. The BRS has good 
internal consistency with a Cronbach alpha ranging from .80 to .91 and good test-retest 
reliability.117 (See Figure B.5)   
Performance Outcomes 
Sport Performance  
 Participants will self-report their performance on a numeric rating scale (NRS) of 
0-10 rating scale with 0 indicating worst performance and 10 indicating their best 
performance. This instrument will only be used after a home game/competition and an 
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away game/competition to compare perception of performance with and without the use of 
the Inner BalanceÔ techniques. 
Sport Performance Rating Scale 
 Coaches will be asked to report the participants performance weekly on a numeric 
rating scale (NRS) with 0 indicating worst performance and 10 indicating their best 
performance compared to their typical performance. This instrument will be used once a 
week, weekly for 4 weeks. 
Perceived Recovery Status Scale  
The Perceived Recovery Status (PRS) Scale is a 0 to 10 scale created to assess an 
individual’s recovery status (Figure B.5.6). The scale has varying levels of perceived 
recovery that is similar to a Rated Perceived Exertion scale.118 The scale ranges from 0 
(very poorly recovered) to 10 (very well recovered). Within the ratings of 0 to 3, a decline 
in performance would be expected, and between 4 and 7, a similar level of performance 
would be expected. With recovery ratings between levels 8 and 10, improved performance 
would be expected.118 A PRS score will be obtained from participants at practice during 
the baseline HRV assessment. (Figure B.6) 
Coherence Achievement Score  
 The coherence score will be obtained from the earpiece heartbeat sensor and 
graphed on the Inner BalanceÔ application. The heart rhythm biofeedback system will 
provide a low, medium, or high coherence score reflecting the participant’s ability to 
balance the autonomic system. The coherence score will be gathered at each baseline, pre-
practice, and post-practice. Participants will be able to export their coherence score directly 
from the application and email it to the researchers.  
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Manipulation Check  
 Participants will be asked to indicate how many times outside of the designated 
intervention practice sessions they utilized the self-regulation techniques during the week. 
This manipulation check will occur at the end of each week. 
Experimental Procedures (Figure B.7) 
Information Session and Prescreening  
 Interested participants will attend an informational session to meet with the 
researchers. During this session, the researchers will explain the nature and significance of 
the study and recruit potential participants. If the student-athletes consent to participate, 
they will be asked to fill out a survey prior to the information session to help determine 
group eligibility. The information that will be collected includes date of birth, age, injury 
status, sport, and season of their sport. Researchers will decode personal information, 
assign a participant number, and will randomly assign participants to either the control or 
intervention experimental condition. After participants are allocated to their respective 
groups, all participants will be emailed a Qualtrics link for the baseline survey.  
Intervention 
Participants in the intervention group will be asked to attend four intervention 
sessions, once a week, for 4 weeks. Each session is estimated to last 20 minutes. During 
each intervention session, HeartMath self-regulation techniques will be taught, reviewed, 
and practiced with the participants by an individual trained in the HeartMath techniques. 
The overall goal for self-regulation techniques is to help establish a new psychological 
baseline, resulting in sustainable perceptual and behavioral changes. During the first 
intervention session, participants will learn the Heart-Focused Breathing TechniqueÔ and 
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the Quick Coherence TechniqueÔ. The following week, participants will learn the Heart 
Lock-In TechniqueÔ, and the Coherent Communication TechniqueÔ in addition to 
reviewing the previous week’s content. The third week will be the last week individuals 
will learn new concepts and techniques. The Freeze Frame TechniqueÔ and Attitude 
Breathing TechniquesÔ will be learned in addition to reviewing previous techniques. The 
last week of the intervention will be used to review all the concepts learned. (See Appendix 
C). Each week, student-athletes will be asked to use the Inner BalanceÔ mobile application 
to practice the techniques learned during the intervention sessions. Prior to each practice 
the student-athlete will have a baseline heart rate reading with the Inner BalanceÔ sensor 
that clips onto their earlobe for 1 to 2 minutes and will report their perceived recovery. 
After a baseline is obtained, the student-athlete will be asked to practice the techniques 
learned for 3 to 5 minutes. This will again be repeated after practice. After each session, 
participants will be asked to report their perceived performance ratings and export their 
session output and email or message it to the researchers. For the duration of the 4 weeks, 
the participants will be asked to practice the techniques and engage in the coherence 
training before and after practice. Each week participants will be asked to complete the 










SPSS statistical software (Version 26; SPSS Inc, Chicago, IL) will be used for all 
analyses. Descriptive statistics (mean and standard deviations) for all dependent variables 
will be calculated. Significance will be set at < 0.05 for all analyses. Power analyses, a 
priori, calculated a participant number of 60 to have adequate power, which is comparable 
to previously published studies examining heart rate biofeedback programs ranging from 
14 to 60 participants.11-13  
Aim 1.1. A 2 (Group: control, intervention) x 2 (Time: pre-intervention, post-intervention) 
ANOVA with repeated measures will be used to examine changes in psychological 
variables (e.g., depression, level of activation, perceived stress) from pre-intervention to 
end of the intervention.  
Aim 1.2. A linear regression will be used to examine changes at week 0, 2, and 4.  
Aim 2.1. A linear regression will be used to examine resilience changes across weeks 
1,2,3,4.  
Aim 3.1. A 2 (Group: control, intervention) x 4 (Week: Week 1, Week 2, Week 3, Week 
4) ANOVA with repeated measures will be used to examine changes in baseline HRV 
coherence scores. 
Aim 3.2. A linear regression will be used to examine changes in weekly HRV coherence 
scores for all four weeks.  
Aim 4.1. A linear regression will be used to examine changes in weekly HRV coherence 
scores for both pre and post practice sessions for all four weeks.  
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Aim 5.1. A 2 (Group: control intervention) x 2 (Time: pre- intervention, end of 
intervention) ANOVA with repeated measures will be used to examine changes in sleep 
quality from pre-intervention to the end of the intervention. 
Aim 5.2. A linear regression will be used to examine sleep quality changes at week 0, 2, 
and 4.  
Aim 6.1. A linear regression will be used to examine daily performance scores.  
Aim 7.1. A 2 (coach score, athlete average score) x 4 (Week: Week 1, Week 2, Week 3, 
Week 4) ANOVA will be used to compare performance scores between coaches and 
athletes over 4-weeks.  
Aim 8.1. A linear regression will be used to examine daily perceived recovery scores.  
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Figure B.7 Data collection flow chart.   
 
Abbreviations: Center for Epidemiologic Studies Revised (CESD-R),  
Activation-Deactivation Adjective Check List (AD ACL), Athlete Sleep  
Screening Questionnaire (ASSQ), College Student Stress Scale (CSSS), Brief  




Appendix C  
Intervention Protocol 
 
Week 1 Intervention Session:   
Heart-Focused Breathing Technique:  
1. Think of Heart-Focused Breathing as a form of a neutral, time-out zone where you 
can step back, neutralize your emotions and see more options with clarity.  
2. Heart-Focused Breathing Technique stops the impact of stress on the mind and 
body and eliminates energy drain.  
3. Step: “Focus your attention in the area of the heart. Imagine your breath is flowing 
in and out of your heart or chest area, breathing a little slower and deeper than 
usual.” 
Quick Coherence Technique: 
1. Quick Coherence Technique is most effective with engagement of positive feelings, 
where an individual is replacing depleting emotions with ones to renew your 
system.  
2. Step 1: Focus attention in the area of the heart. Imagine your breath is flowing in 
and out of your heart or chest area, breathing a little slower and deeper than usual.  
3. Step 2: Make a sincere attempt to experience a regenerative feeling such as 




Week 2 Intervention Session:  
Heart Lock-In Technique:  
1. Step 1: Focus your attention in the area of the heart. Imagine your breath is flowing 
in and out of your heart or chest area, breathing a little slower and deeper than usual.  
2. Step 2: Activate a regenerative feeling such as appreciation, care or compassion.  
3. Step 3: Radiate that renewing feeling to yourself and others.  
Coherent Communication Technique:  
1. This technique is designed to create connection and understanding between a 
listener and a speaker.  
2. Step 1: Shift into a heart-coherent state before communicating to effectively share 
and receive information.  
3. Step 2: Listen for the essence of what is being said without prejudging or getting 
pulled into drama before the communication is complete.  
4. Speak from a genuine tone and consider what you are going to say and how it may 
affect others.  
5. Step 3: During important or sensitive communications its effective to confirm the 
essence of what you herd to insure mutual understanding.  
Week 3 Intervention Session: 
Attitude Breathing Technique:  
1. Step 1: Recognize a feeling or attitude that you want to change and identify a 
replacement attitude.  
2. Step 2: Focus your attention in the area of the heart. Imagine your breath is flowing 
in and out of your heart or chest area, breathing a little slower and deeper than usual.  
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3. Step 3: Breathe the feeling of the new attitude slowly and casually through your 
heart area.  
a. The replacement attitude can be obvious, but it takes the breathing and 
feeling of a new attitude for the shift to occur.  
Freeze Frame Technique:  
1. This technique gives you an opportunity to find and sort out solutions and increase 
options to resolve problems and conflicts. The technique gives you a chance to find 
more efficient options and resolve problems that may be depleting your energy.  
2. Step 1: Acknowledge the problem or issue and any attitudes or feelings about it.  
3. Step 2: Focus your attention in the area of the heart. Imagine your breath is flowing 
in and out of your heart or chest area, breathing a little slower and deeper than usual.  
4. Step 3: Make a sincere attempt to experience a regenerative feeling such as 
appreciation or care for someone or something in your life.  
5. Step 4: From this more objective place, ask yourself what would be a more efficient 
or effective attitude, action or solution.  
6. Step 5: Quietly observe any subtle changes in perceptions, attitudes or feelings. 
Commit to sustaining beneficial attitude shifts and acting on new insights.  
